By S ir H a n s K o r n b e r g , F .R .S ., a n d D . H . W i l l i a m s o n H a n s A d o l f K r e b s d ied in O x fo rd on 22 N o v e m b e r 1981, at th e age of 81 a n d o nly tw o w eeks a fte r leaving his b eloved lab o ra to ry fo r tre a tm e n t, in h o sp ita l, of w h a t he b eliev ed w as a triv ial g a stric u p se t. W ith his d eath en d e d an era o f research in to in te rm e d ia ry m eta b o lism an d its re g u la tio n , of w h ic h K re b s h ad b een a p io n ee r, th a t he h ad b ro u g h t to fru itio n , and to th e c e n tral fea tu re of w h ic h -'th e K re b s C y c le '-his nam e w ill surely alw ays be a tta ch e d . In his B iographical M e m o ir [111] of his ow n teach er, O tto W a rb u rg , H a n s q u o te d fro m th e preface of G . N . L ew is & M . R a n d a ll 's (1923) Thermodynamics and the free energy o f chemical sub stances. T h e re , th e edifice of science was likened to a c a th e d ra l b u ilt by th e efforts o f m an y w o rk ers b u t of only a few arch itects: H a n s believed th a t W a rb u rg was one o f those few. In d u b ita b ly , H a n s K re b s was a n o th e r.
E a r l y l i f e : s c h o o l d a y s a n d A r m y s e r v ic e
H a n s was b o rn on 25 A u g u st 1900 in H ild esh e im , an a n cien t to w n of som e 50 000 in h a b ita n ts located n e a r H an o v er, in N o rth G e rm a n y . H a n s 's fam ily was Jew ish on b o th sides. H is fath er, G eo rg , h ad b een b o rn and b ro u g h t u p in G leiw itz, in Silesia, and co u ld trace his an cestry in th a t area of G e rm a n y back to at least th e m id d le of the e ig h te en th c e n tu ry . H ow ever, after q u alify in g in m ed icin e and specializing in otolaryngology, G e o rg chose to settle and p ractise in H ild esh e im . H a n s 's m o th e r, A lm a, nee D av id so n , was a native of H ild esh e im and a m em b e r of a large fam ily th a t h ad lived in o r n e a r th is to w n for m an y generations: H an s recalls [121] th a t, in his y o u th , th e re w ere m ore th a n a h u n d re d relatives living n earb y , m o st of w hom w ere engaged in business. T h e re was also an old er sister, E lisab eth (L ise), b o rn in 1895; a b ro th e r, W olfgang, was b o rn 2 years after H an s. D e sp ite th e Jew ish ancestry of the K re b s fam ily, Ju d a ism was barely m en tio n e d in th e hom e, and it w ould n o t have o cc u rre d to th e c h ild ren to reg a rd th em selv es as a n y th in g o th e r th a n w h o lly G e rm a n . T h is a ttitu d e w as c h a ra c te ristic o f m an y m e m b e rs o f th e p ro fe ssio n a l class w ho, in th e late n in e te e n th c e n tu ry , h ad w itn esse d a rela x atio n in Im p e ria l G e rm a n y o f th e p rac tic e s th a t h ad for c e n tu rie s d isc rim in a te d ag ain st Jew s, p a rtic u la rly in c e n tral a n d e a ste rn E u ro p e . A lth o u g h , in th e 1900s, G e rm a n Jew s w ere still un lik ely to achieve se n io r p o sts in th e a rm e d services and in th e C ivil S ervice, a n d a lth o u g h a n ti-se m itis m w as o v ertly a d v o cated by at least one po litical p a rty , m an y Je w ish d o c to rs, law yers a n d academ ics b eliev ed th a t to tal 'a ssim ila tio n ' in to th e m a in stre a m of G e rm a n life w o u ld re n d e r th e m in effect in v isib le a n d h en ce im m u n e fro m d isc rim in a tio n . C e rta in ly , a re sp e c te d a n d successful E ar, N ose an d T h r o a t specialist an d his fam ily c o u ld ju stifia b ly reg a rd th em se lv e s as am o n g th e leading citizen s o f th e ir sm all to w n . I t is iro n ic th a t th o se G e rm a n Jew s w ho m o st d eep ly a tte m p te d to in te g ra te th em se lv e s in to th e ir societal e n v iro n m e n t w ere also th o se m o st likely to p e rish in th e h o lo cau st u n lea sh e d by th e ir c o m p a trio ts som e 30 years later. H a n s K re b s w as b ro u g h t u p in th e S p a rta n tra d itio n th a t p rev a ile d in G e rm a n p ro fessio n al fam ilies. T h e m ain c h a ra c te ristic o f th is tra d itio n was th e b elief th a t excellence of c h a ra c te r w as b e st fo ste re d th ro u g h selfdenial. In co n seq u en ce, th e m ate ria l c o m fo rts o f life w ere n o t h ig h ly p rized : food a n d c lo th in g w ere sim ple; lu x u ry a n d o ste n ta tio n w ere eschew ed. It w as ex p ected th a t c h ild re n sh o u ld achieve a n d m a in ta in the h ig h est sta n d a rd s of c o n d u c t as w ell as of scholastic a tta in m e n t; success in th o se areas was n o t th o u g h t w o rth y o f c o m m e n d a tio n b u t sh o rtc o m in g s w ere in sta n tly rep ro v e d . T h is e m p h asis on se lf-d iscip lin e a n d fru g a lity e x te n d e d also to th e em o tio n al a tm o sp h e re in w h ich th e c h ild re n grew up. It is often difficult for th e m id d le of th re e c h ild re n to e sta b lish his id e n tity and his role in a fam ily; it is p a rtic u la rly difficult to do so if any disp lay of o vert affection is fro w n ed u p o n a n d th e ch ild , seeking rea ssu ra n c e and secu rity , is left w ith o u t th o se essential su p p o rts. I t is th e re fo re n o t su rp risin g th a t th e y o u n g H a n s K r e b s 's capacity fo r w a rm th and frie n d sh ip was rep re sse d in his early years and even in later life rem a in e d som ew hat re stra in e d , ex cep t to fam ily and tru s te d frie n d s. A s he h im se lf p u t it w ith d isa rm in g c a n d o u r [121] , '. .. I was d ilig en t a n d co n scien tio u s in m y schoolw ork and I te n d e d to enjoy serious pastim es. I was selfconscious, tim id , an d so litary a n d th e re fo re n ev er aggressive n o r reb ellio u s-on th e c o n tra ry I was anxious to co n fo rm . B oth fam ily an d school criticized m e for b ein g u n tid y and m y p a re n ts b lam e d m e for bein g d o m in e e rin g to w a rd s m y b ro th e r. So I w as m ade aw are o f m y s h o rtc o m ings. A lto g eth e r I fo rm e d th e im p re ssio n th a t I was a ra th e r u n a ttra c tiv e and u n p o p u la r b o y .' H e was also a ra th e r lonely boy, w ith few close frien d s o th e r th a n his y o u n g e r b ro th e r. H is p u rsu its w ere m ainly solitary ones: voracious if in d isc rim in a te read in g , long bicycle rides th ro u g h the w oods th a t s u rro u n d e d H ild esh e im an d , in later years, canoeing on the nearb y river. B ut it was these ex cu rsio n s into th e co u n try sid e th a t e n a b le d H a n s to achieve a re la tio n sh ip w ith his fa th e r th a t w as at least te m p o ra rily w a rm e r th a n h is c u sto m a ry one o f resp e c t. G e o rg K re b s was a keen a m a te u r b o ta n is t an d , in tak in g his c h ild re n fo r w alks, im b u e d th e m w ith b o th his love for p la n ts a n d h is kn o w led g e of th e m . T h is in te re s t re m a in e d w ith H a n s all his life. O n e of us (H . L . K .) re m e m b e rs v iv idly, m an y y ears late r, a tte n d in g a co n fe re n ce in O x fo rd w ith H a n s K re b s an d , in th e lu n c h b reak , w alking w ith h im th ro u g h th e g ard e n s of W o rc e s te r C ollege: H a n s id en tified th e m ajo r trees, b u sh e s and flow ers u n h e s ita tin g ly in G e rm a n , E n g lish and L a tin . A n d w hen, a few years a fte r th e co n fe re n ce , H a n s K re b s cam e to live in O x fo rd , he chose a h o u se w ith a large g a rd e n , w h ere he grew n o t only m o st o f th e v egetables for his fam ily (an d m an y frie n d s) b u t also flow ers th a t, to u ch in g ly , in clu d e d som e g ro w n fro m seeds co llected d u rin g later visits to H ild esh e im . A lth o u g h H a n s co u ld n o t re m e m b e r a tim e w h e n he d id n o t aim to follow his fa th e r 's exam ple a n d stu d y m ed icin e, it w as th ese c o u n try w alks th a t p a rtic u la rly aro u se d his scientific c u rio sity a n d caused h im to becom e aw are of biological p h e n o m e n a th a t w ere certain ly n o t b ro u g h t to his n o tice at school. L ike so m an y schools ro u g h ly c o rre sp o n d in g to th e E n g lish g ra m m a r schools, th e L u th e ra n 'G y m n a siu m A n d re a n u m ' of H ild e sh e im was an a n c ie n t a n d resp e c te d e d u catio n al e sta b lish m e n t. F o u n d e d early in the th ir te e n th c e n tu ry , it h a d ta u g h t g e n e ra tio n s of law yers, p rie sts a n d civil serv an ts, b u t h a d ta u g h t th e m chiefly L a tin , G reek , H isto ry , G e rm a n and M a th e m a tic s. In his eig h t years at th e school (from 1910 to 1918) H an s K re b s learn ed v irtu a lly no c h e m istry , physics or biology. H ow ever, he a c q u ire d a life-long affection for L a tin th a t was also later to give h im a deep u n d e rs ta n d in g o f E n g lish etym ology and th a t h e lp e d h im to achieve in th a t to n g u e th e m aste rly b len d of econom y a n d lu cid ity th a t so c h a ra c te riz e d all his scientific w ritin g s.
In S e p te m b e r 1918, H a n s 's school career was e n d e d p re m a tu re ly by his c o n scrip tio n into a S ignals R e g im e n t of th e Im p e ria l A rm y , statio n ed in th e n e a rb y city o f H a n o v e r. B u t, afte r only tw o m o n th s, his A rm y service en d e d as a b ru p tly as it h ad b e g u n . S ailors fro m th e naval base at K iel h ad m u tin ie d , to p re v e n t th e G e rm a n fleet fro m leaving p o rt and engaging in a last and hopeless b a ttle . A d eleg atio n of sailors in v ited the soldiers at H a n o v e r to jo in th e m b u t, th o u g h the baffled c o n scrip ts w aited for in stru c tio n s fro m anyone in a u th o rity , th e re w as no one to give orders: th e ir officers h ad d o n n e d civilian clothes and fled. O n 10 N o v em b er, H an s K re b s th an k fu lly re tu rn e d hom e; tw o w eeks later he w as form ally and h o n o u rab ly d isch arg ed and could resu m e his in te rru p te d ed u catio n .
U n i v e r s i t y : t h e f ir s t t a s t e o f r e s e a r c h
H an s began his u n d e rg ra d u a te career at th e U n iv e rsity of G o ttin g e n . T h is choice o f U n iv e rsity h ad been d icta te d m ore by reasons of p ro x im ity th a n o f academ ic excellence. In th e ch ao tic days d ire c tly a fter W o rld W a r I, w hen tra in s ran erra tic ally if at all an d a lte rn a tiv e m o d es o f tra n s p o rt w ere n o t readily available, it w as useful to have o n e 's place of stu d y w ith in reach of h om e, a n d G o ttin g e n w as only 90 km aw ay. T h e re w as no a d m in istra tiv e b a rrie r to th a t choice: u n d e r th e sy stem th e n p rev ailin g , anyone w ho had passed th e A bitur e x a m in atio n of a H ig h S chool w as eligible for ad m issio n into any U n iv e rsity .
A lth o u g h H a n s was stim u la te d by his first e n c o u n te rs w ith an ato m y , c h e m istry and physics, a n d a lth o u g h he enjoyed th e o p p o rtu n ity to accom pany th e P ro fe sso r of B otany on w eekend b o tan ical e x cu rsio n s, he stayed at G o ttin g e n for only one sem ester. A t th e en d of th e s u m m er o f 1919 he tra n s fe rre d to th e U n iv e rsity of F re ib u rg -im -B re is g a u , w h ere he rem a in e d u n til, tw o years later, he beg an his clinical stu d ie s in M u n ic h . H e g ra d u a te d in m ed icin e, w ith first class m ark s overall, in D e c e m b e r 1923. H a n s 's stay at th e U n iv e rsity o f F re ib u rg , relatively b rie f th o u g h it was, p ro v id e d a m ajo r im p e tu s to his s u b se q u e n t career. In th e s u m m e r o f 1920, he had asked th e P ro fe sso r of A n a to m y w h e th e r he m ig h t p a rticip a te in th e research w ork of his d e p a rtm e n t. T h e P ro fesso r refe rre d him to his s e c o n d -in -c o m m a n d , D r W . von M o lle n d o rf, w ho em p lo y ed h im as an (u n p aid ) tec h n icia n on a p ro je c t to relate th e p hysicochem ical p ro p e rtie s of histological stains to th e ir efficacy in d ifferentially revealing m icro sco p ic d etails of tissu e s tru c tu re . T h e w ork led to H a n s 's first p u b lic a tio n , a n o te on th e stain in g o f skeletal m uscle w ith a variety o f aniline dyes [1] . M o re im p o rta n tly , it also m ad e H a n s realize th a t he enjoyed research and th a t he was capable of ad v an cin g learning th ro u g h his w ork in th e lab o rato ry ; it also m ade h im aw are of th e im p o rta n c e of c h e m istry and p h y sics to an u n d e rs ta n d in g of biological processes.
A second facto r th a t influenced H a n s K re b s in his affection for the U n iv e rsity of F re ib u rg (w hich, d esp ite th e in d ig n itie s he was to experience th ere som e 13 years later, rem a in e d w ith h im all his life) was his first e n c o u n te r w ith in te rm e d ia ry m etab o lism . T h e P ro fesso r of Physiological C h e m istry , F ra n z K n o o p , occasionally illu stra te d his lectures by refe rrin g to his ow n p io n ee rin g researches on fatty acid oxidation, w hich he had b e g u n in 1904. K n o o p h ad fed to ra b b its u n b ran c h e d fatty acids of v arious chain len g th s, in w hich one of th e h y d ro g en atom s on th e te rm in a l m eth y l g ro u p was replaced by a phenyl gro u p . H e had o b served th a t th e g lu cu ro n ic acid ester of ph en y lacetic acid ( P h C H 2C O O H ) was excreted in the u rin e , regardless of th e chain length of the acid fed, if th e acid co n tain ed an even n u m b e r of carb o n atom s. co-Phenyl su b s titu te d fatty acids w ith an o d d n u m b e r of carb o n s, on the o th e r h an d , alw ays gave rise to th e g lu cu ro n ic acid ester of benzoic acid (P h C O O H ) . F ro m these sim ple o b serv atio n s, K n o o p d e d u c ed th a t fatty acids are oxidized by p-o x id atio n , i.e. ox id atio n at the carb o n atom n ex t b u t one to th e -C O O H g ro u p , to yield acetic acid an d a fatty acid c o n ta in in g tw o c a rb o n s few er th a n th e s ta rtin g m ate ria l, w h ich co u ld th e n be o x id ized in tu rn at its |3-carbon. K n o o p also p o stu la te d th e seq u en ce o f sim p le step s (d e h y d ro g e n a tio n at th e a and (3 carb o n s, h y d ra tio n of th e d o u b le b o n d th u s fo rm e d , d e h y d ro g e n a tio n at th e (3-carbon, an d cleavage b e tw e en th e a a n d (3 carb o n s) th a t w o u ld acco u n t fo r th is p h e n o m e n o n an d th a t w as sh ow n, m an y years later, to be s u b sta n tia lly c o rre c t. H a n s K re b s to ld one o f us (H . L . K .) th a t it was th e elegance a n d e co n o m y o f K n o o p 's d e d u c tiv e reaso n in g th a t first d e te r m in e d h im to e m u la te his te a c h e r a n d to a p p ly a sim ila r c o m b in a tio n of biological o b se rv a tio n a n d good chem ical in sig h t to th e u n rav e llin g of o th e r m eta b o lic seq u en ces. B u t he h ad to w ait for a dozen years before he co u ld fulfil th a t desire.
H a v in g g ra d u a te d in m ed ic in e , H a n s w as re q u ire d to w ork for a year in a reco g n ized h o sp ita l b efo re he c o u ld receive his licence to p ractise. H e h ad a b a n d o n e d th e in te n tio n to follow his fa th e r's speciality o f o to la ry n gology in fav o u r of g eneral m ed icin e, as th is w o u ld co m b in e th e m a x im u m range of e x p o su re to clinical p ro b le m s w ith th e m ax im u m o p p o rtu n ity to engage in research. U n fo rtu n a te ly , it was very difficult to o b ta in a p o st in a h o sp ita l affiliated to a good U n iv e rsity M edical School and H a n s h ad chosen to do so in B erlin w hich, at th a t tim e, was p re e m in e n t in th e field. A fter several fru stra tin g ly un su ccessfu l a tte m p ts, he was finally accep ted as an u n p a id m e m b e r of P ro fesso r A. G o ld s c h e id e r's 'T h ir d M edical C lin ic ' a n d was d irectly a tta ch e d to a section head ed by D r A nneliese W ittg e n ste in , w ho w as p a rtic u la rly in te re ste d in th e tre a tm e n t of syphilis. T re a tm e n t of th is co n d itio n was n o t very effective as th e d ru g s used h ad difficulty in crossing th e so-called 'b lo o d -b ra in b a rr ie r ' and th u s did n o t effectively reach th e ir in te n d e d targ e t sites in the n e rv o u s tissue. H a n s d ecid ed to in vestigate th e factors th a t affected the p e rm e atio n of v ario u s ch arg ed dyes across cell m em b ran e s, in th e hope of relatin g his findings to th e design of a p p ro p ria te ly ch arg ed d ru g s. T h e ex p e rim e n tal p ro ce d u re s w ere sim ple: he injected a w ide range of aniline dyes in tra v en o u sly into dogs, o b served th e physiological consequences, and m ea su red th e rates at w hich th e dyes w ere rem oved fro m th e blood plasm a. W ittg e n ste in & K re b s [6] fo u n d th a t th e rates at w hich th e dyes left th e blood and e n te red the tissues d ep e n d ed on th e ir charge: anionic su b stan ces w ere rem oved in m in u tes and rap id ly resu lte d in toxic reactions, w hereas cationic dyes rem ain ed d etectab le in th e blood for days after in jectio n , and w ere well to le rate d by th e dogs. T h e se observations w ere ex plained in term s of D o n n a n eq u ilib ria, assum ing th a t th e dyes d istrib u te d them selves across m em b ran e s sep aratin g th e p ro te in -ric h blood fro m th e essentially p ro te in -fre e (and m ore electropositive) tissue fluids [4] . A lth o u g h these and associated p ap ers [2, 3, 5, 7] w ere w idely q u o ted , H ans reg ard ed th em as being of at b est m ediocre quality. B ut he derived ab id in g satisfaction from th e evidence th ey p ro v id ed to him th at, to tally w ith o u t g u id an ce in d esig n in g , e x ecu tin g , in te rp re tin g an d w ritin g -u p these e x p e rim e n ts, he h a d no n e th e less a c co m p lish e d th e task he had set him self. E arly in 1925, H a n s left th e clinic a n d jo in e d th e D e p a rtm e n t of C h e m istry at th e P athological In s titu te of th e C h a rite H o sp ita l, w h ere P ro fesso r P. R o n a p ro v id e d in fo rm al co u rses to tra in m edical g rad u a tes in c h e m istry and b io c h e m istry . A d m issio n to these co u rses was hig h ly p riz e d , since th ey c o m b in e d in stru c tio n in th e le c tu re ro o m a n d th e lab o ra to ry w ith som e clinical du ties; research was en c o u ra g e d . A s a re su lt of his stay, K re b s, to g e th e r w ith R ona, p u b lish e d a p a p e r [8] th a t co n cern ed th e effects of v a ria tio n in p H a n d in electro ly te c o n c e n tra tio n on the ab ility of dialysed sera to a g g lu tin a te red cells: th e resu lts w ere d isa p p o in tin g , in th a t few effects w ere o b serv ed . W ith a fellow s tu d e n t, D av id N a c h m a n so h n (w ho rem a in e d a life-long frie n d a n d w ho late r h ad a d istin g u ish e d career in th e U .S .A .), he p u b lish e d a n o te on th e a d so rp tio n of vital stain s [9] w h ich c o n tin u e d th e th em e o f his first v e n tu re into th e lite ra tu re . B ut, th o u g h th e c o n te n ts of these p a p e rs in retro sp e c t seem ra th e r trivial, th e e x c item e n t of e m p irical e n q u iry was not, and con firm ed H a n s in his resolve to m ake b io ch em ical rese a rc h an in d isp en sab le p a rt of his pro fessio n al life.
T h e e n d o f t h e b e g i n n i n g : f o u r y e a r s w i t h O t t o W a r b u r g
In D e c e m b e r 1925 a lucky accid en t led to H an s K r e b s 's a p p o in tm e n t as a R esearch A ssista n t to P ro fesso r O tto W a rb u rg (F o r.M e m .R .S . 1934), w ho w as u n d o u b te d ly th e leading b io ch e m ist of his tim e. A m u tu a l friend, B ru n o M e n d el (F .R .S . 1957), learn ed th a t W a rb u rg was looking for a y oung scien tist to explore ex p e rim e n tally som e of W a rb u rg 's m any ideas and th eo ries. M e n d el rec o m m e n d e d K re b s and even raised som e m oney to enable W a rb u rg to pay H a n s his first-e v er salary. A n d so H an s began an association th a t lasted only fo u r years b u t th a t, m o re th a n any oth er, influenced his scientific life and largely d e te rm in e d his a ttitu d e to his colleagues and his stu d e n ts. It is n o t too fanciful to claim O tto W a rb u rg as H a n s 's scientific fath e r, and to view th e ir re la tio n sh ip as rem arkably sim ilar to th a t b etw een G e o rg and H a n s K re b s. K re b s 's ow n view of W a rb u rg [121] reflects th e deep a d m iratio n he felt for his tea c h e r (p aren th etically it m ay be ad d ed th a t all th o se w ho w ere to w ork in H an s K re b s 's lab o ra to ry in later years m ig h t well reg ard th ese rem ark s as applying equally well to K rebs):
'H e set an exam ple of h igh sta n d a rd s in research and in general c o n d u c t, p a rticu la rly in his gen u in e d ed icatio n to his chosen area of activity, the ad v an cem en t of scientific know ledge. H is d ed icatio n m an ifested itself in his long and reg u la r w ork in g h o u rs and his c o n te m p t for those w ho trie d to fu rth e r th e ir careers by jockeying for p o sitio n , by h o b n o b b in g w ith and c o u rtin g th e in flu en tial, o r by p u b lis h in g triv ia fo r p u b lis h in g 's sake. H e w as p re p a re d to take in fin ite p a in s w ith every a sp ect o f his w ork a n d p rid e d h im se lf th a t h is e x p e rim e n ta l fin d in g s and his p re s e n ta tio n a n d in te rp re ta tio n of th e m w ere c le a n -c u t, reliable, an d able to sta n d th e te st of tim e. H e also took p rid e in th e fact th a t w h e n he fo u n d th a t he h ad m ad e a m istak e (w h ich d id n o t h a p p e n o ften) he w o u ld a d m it it and p u b lish a c o rre c tio n w ith o u t d e la y .' Y et W a rb u r g 's tre a tm e n t o f K re b s was n e v e r in d u lg e n t, fre q u e n tly c e n so rio u s an d , at th e e n d of th e ir fo u r years to g e th e r, positively u n h e lp fu l.
W h e n H a n s jo in e d h im , O tto W a rb u rg w as th e D ire c to r of one of th e six d e p a rtm e n ts in th e K a is e r-W ilh e lm -In s titu t fu r B iologie, in B erlin -D a h le m . A lth o u g h each d e p a rtm e n t c o n ta in ed only h a lf a dozen research assista n ts in a d d itio n to th e D ire c to r, th e ro ste r of n am es reads like a 1960) . T h e m e m b e rs o f th e differen t research g ro u p s w ould m eet in a co m m o n room for a san d w ich lu n ch and talk over th e ir w ork; this, to g e th e r w ith th e daily c ritic ism o f his e x p e rim e n tal p ro to co ls th a t W a rb u rg p ro v id e d , was th e essence of H a n s 's fu rth e r e d u c atio n in research. H o u rs in th e lab o ra to ry w ere fro m 8 a.m . to 6 p .m ., six days a w eek, w ith no break s for tea or coffee. T h e research w ork was d e te rm in e d solely by th e D irec to r: W a rb u rg allow ed in d ep e n d e n c e only if it fitted w ith in th e fram ew o rk of his ow n ideas. Y et th is was reg ard ed as n o t at all u n u su al: as H a n s w ro te [121] , 'W e never q u e stio n e d W a rb u rg 's a u to cratic con tro l; in o u r eyes it was ju stified because of his o u ts ta n d ing in tellect, his ach iev em en ts, and his in teg rity , q u a lititie s w hich we a d m ired e n o rm o u sly .' W a rb u rg 's m ain in terests, at th e tim e th a t K re b s jo in e d his lab o rato ry , co n cern ed th e n a tu re of the catalysts (enzym es, and th e ir p ro sth e tic g ro u p s and coenzym es) th a t effected th e resp ira tio n of cells, and the differences b etw een th e m etab o lism of no rm al and tu m o u r tissues. In th is co n tex t, and in the role w hich H an s saw h im self as playing in th e g ro u p , it is u n d e rsta n d a b le th a t his first p u b lic a tio n from the lab o rato ry [10] begins w ith th e w ords: 'T h e sta rtin g p o in t of th is w ork was the o b se rv a tio n o f O . W a rb u rg th a t th e a u to x id a tio n o f su g ars in am m o n iacal so lu tio n is stro n g ly in h ib ite d by h y d ro g e n cyanide. I t a p p e ars, ho w ev er, th a t th e p h e n o m e n o n is n o t a tru e a u to x id a tio n b u t a tra n s fe r of oxygen effected by m etals. I have in v estig a ted th is m a tte r fu rth e r on th e su g g estio n of [M r] W a rb u r g .' K re b s fo u n d th a t in alkaline so lu tio n s, a n u m b e r o f d iv alen t an d triv a le n t m etals catalysed th e o x id atio n o f a n u m b e r o f hexoses (p a rtic u la rly fru c to se an d , less rap id ly , glucose, galactose and m an n o se) as well as th a t o f m altose; th a t C a 2+ an d C u 2 + , and C a 2+ and F e 2 + , acted synergistically; an d th a t c h e la to rs (su ch as p y ro p h o sp h a te ) or o th e r reag en ts th a t rem o v ed th e m etal ions fro m so lu tio n (such as H 2S a n d H C N ) in h ib ite d th ese o x id atio n s. T h e reactio n s w ere m ea su red e ith e r as th e release of c a rb o n dio x id e (w hen b ica rb o n ate was p re se n t) or as th e u p tak e o f oxygen, in m a n o m e te rs th a t h ad b een devised by W a rb u rg a n d th a t w ere a g rea t im p ro v e m e n t over o th e r m an o m e te rs th e n in use: K re b s u sed 'W a rb u rg m a n o m e te rs ' in a yet m o re c o n v e n ie n t fo rm as successively m odified by h im se lf [19, 22, 23, 27] for m o st of th e w ork th a t he and his c o lla b o ra to rs d id over th e n e x t 30 years o r so. U sin g th is in s tru m e n t, H a n s n e x t show ed th a t th e retin a of chickens a n d pigeons w as p a rtic u la rly active m etab o lically in c o n v e rtin g c a rb o h y d ra te s to lactic acid in th e absence of air, an d th a t th e rate of th is glycolysis was n o t a lte re d by th e a d m issio n of oxygen [11] . W ith a n o th e r m e m b e r of W a rb u r g 's g ro u p , F . . T h is p a p e r re p o rte d th e p resen ce of w h a t w e now know as n o n -h a e m iro n , as well as c o p p er, in th e blood se ru m of rats and h um ans; en d earin g ly , th e legend to 'P rotocol I ' d escrib es th e sam ple of h u m a n se ru m as b ein g d eriv ed fro m 'D r K re b s, fa s tin g '. P ro b a b ly H a n s K r e b s 's m ajo r c o n trib u tio n d u rin g his stay in W a rb u rg 's lab o ra to ry was his stu d y o f th e actio n o f c a rb o n m o n o x id e an d light on th e Atmungsferment (w hich we now know as cy to ch ro m e oxidase). W a rb u rg had already d e scrib ed th e action sp e c tru m o f th is enzym e, i.e. th e e x te n t to w h ich lig h t of differen t w av elengths could reverse th e in h ib ito ry effect of c arb o n m o n o x id e, and h ad c o n c lu d e d th a t the coenzym e co n tain ed haem . H an s w orked o u t a m odel system to stu d y th e m ech an ism s of this process w ith g re a te r ease. H e m ea su red th e oxygen co n su m e d w hen cysteine was oxidized to cystine in th e presence of iron, p ro v id e d op tim ally as a so lu tio n of h aem in p y rid in e . In the c o u rse of th is, th e F e 3+ in p y rid in e -h a e m a tin so lu tio n w as re d u c e d to F e 2+ in p y rid in e -h a e m o c h ro m o g e n ; th is w as th e n reo x id ized by m o l ec u la r oxygen. C a rb o n m o n o x id e in th e d a rk c o m b in e s w ith th e F e 2+ an d th is is rev e rsed by light; on th e o th e r h a n d , H C N in h ib its by rea c tin g w ith F e 3 + . T h e effects w ere q u a lita tiv e ly an d q u a n tita tiv e ly analogous to th o se d e sc rib e d by W a rb u rg in 1927 for th e ; it was th is w o rk th a t w as sin g led o u t in th e c ita tio n to W a rb u r g 's N o b e l P rize in 1931. Flow ever, W a rb u rg h a d alw ays ack n o w led g ed K r e b s 's c o n trib u tio n . By 1929 H a n s K re b s h ad p u b lis h e d 16 p a p e rs fro m W a rb u r g 's la b o ra to ry and felt h im se lf to be v ery m u c h 'a W a rb u rg m a n '. In d e e d , W a rb u rg h ad p e rsu a d e d th e G e rm a n P hysiological S ociety to m ake K re b s a sm all g ra n t so th a t he co u ld a tte n d th e 13th In te rn a tio n a l P hysiological C o n g ress in B oston; he h ad also a rra n g e d for K re b s to be in v ited to give a th re e -w e e k co u rse on m a n o m e try at H a rv a rd befo re the C o n g ress a n d th u s to receive a d d itio n a l financial aid. D u rin g th e m eetin g , D e tle v B ro n k (F o r.M e m .R .S . 1948) asked H a n s K re b s to visit h im in P h ila d e lp h ia w ith a view to his jo in in g th e J o h n so n F o u n d a tio n , th e n b e in g esta b lish e d by B ronk. A lth o u g h H a n s d id go to P h ila d e lp h ia , he did n o t accep t th e te m p o ra ry p o st on offer. B ut he felt flattered th a t W a rb u rg sh o u ld have su g g ested his nam e to B ronk: it w as only after his re tu rn to B erlin th a t he began to realize th a t W a rb u rg d id n o t w ish h im to rem a in in his In s titu te . A fter re p e a te d h in ts to the effect th a t W a rb u rg p re fe rre d n o t to re ta in sen io r scien tists, H a n s received form al notice to leave by th e en d of M a rc h 1930.
A lth o u g h W a rb u rg ex p ressed w illingness to act as a referee, he did n o t offer in any w ay to help H an s to find a n o th e r post. H a n s believed th a t th is u n w illin g n ess ste m m e d p rim a rily fro m W a rb u r g 's d o u b ts a b o u t K r e b s 's ab ility to u n d e rta k e a research career successfully; in d eed , th is belief was rein fo rc e d by th e lukew arm references th a t W a rb u rg su p p lie d on his behalf. In his a u to b io g ra p h y [121] , H a n s m an y years later w rote, 'C h arles H u g g in s to ld m e th a t W a rb u rg had d e scrib ed m e as his favourite pup il; I m u st say th a t W a rb u rg never gave m e any inkling of such feelings. I was in d eed s u rp rise d and to u ch e d w hen in A u g u st 1970, som e th re e w eeks after W a rb u rg 's d e a th , I read a d ed icato ry preface he had w ritte n for a volum e Essays in Cell Metabolism p re se n te d to m e by m y associates, p ast and p rese n t, on m y se v en tieth b irth d a y . . .'; he th en w ent on to q u o te th e lau d a to ry sta te m e n ts in th a t preface. It can now be revealed th a t one of th e e d ito rs of th a t volum e (H . L. K ) h ad to req u e st O tto W a rb u rg to rew rite the d raft preface he had originally sent in, since it was form ally c o rrect b u t cold, c u rt and u n su ite d to the occasion: to o u r am azem ent, W a rb u rg m eekly did as he was asked.
A l t o n a a n d F r e i b u r g : t h e f i r s t K r e b s c y c l e
T h e p e rio d follow ing W a rb u rg 's n o tice to H a n s K re b s was p ro b a b ly th e low est p o in t in his career. In th e absence o f any e n c o u ra g e m e n t fro m his chief, and w ith no o bjective assessm en t o f his ow n ab ilities, he felt h im se lf to be in ad e q u a te for th e life in research for w h ich he so ferv e n tly longed. R ep eated a tte m p ts to find p o sts in u n iv e rsity lab o ra to rie s cam e to n o th in g , p a rtly because th e referen ces W a rb u rg su p p lie d w ere less th a n e n th u sia stic , and p a rtly because th e g ro w in g tid e o f a n ti-se m itism m ad e people re lu c ta n t to em p lo y a Jew . 'Since W a rb u rg d id n o t w a n t to keep m e and n o b o d y else offered m e a j o b ', K re b s w ro te [121] , 'I cam e to th e co n clu sio n th a t m y talen ts w ere ra th e r m ed io cre. I t w as only m y keen in te re st th a t drove m e to keep try in g for a p o sitio n w h ich w o u ld give m e scope for re s e a rc h .'
F o rtu n a te ly , a p o sitio n was finally offered. A t a M ed ical C o n g ress in A pril 1930, H a n s K re b s h ad b een in tro d u c e d to P ro fe sso r L . L ic h tw itz , w ho h ad charge of a D e p a rtm e n t o f M e d ic in e in th e M u n ic ip a l H o sp ita l of A ltona, a to w n on th e o u tsk irts of H a m b u rg . L ic h tw itz offered H a n s a p o st in th a t d e p a rtm e n t w hich involved heavy clinical resp o n sib ilitie s b u t left som e tim e free for research. A lth o u g h he was h a p p y in th a t role, H an s acutely felt the lack of co n ta c t w ith th e u n iv ersity w o rld . W h e n a fter a b o u t 6 m o n th s a second offer cam e to h im , to jo in a new D e p a rtm e n t of M ed icin e b eing estab lish ed by P ro fe sso r S. T h a n n h a u s e r at th e U n iv e r sity of F re ib u rg , H an s ju m p e d at th is chance. H e took up his new post, full of hope and e n th u sia sm , on 1 A p ril 1931 and o ccu p ied it w ith d istin ctio n , b o th on the w ard s an d in th e lab o ra to ry , u n til he w as ig n o m in io u sly dism issed exactly 27 m o n th s later.
A lth o u g h H an s had b een able to engage in research to som e e x te n t w hile he was in A ltona, he had felt o b lig ated to w ork on a to p ic suggested by W a rb u rg ; indeed, th is had b een m ad e a c o n d itio n for W a rb u r g 's s u p p o rt in o b tain in g som e e q u ip m e n t for h im . W a rb u rg h ad re p o rte d , som e 10 years p reviously, th a t tu m o u rs co n v e rt c a rb o h y d ra te to lactic acid m ore rap id ly th a n do n o rm al tissues. K re b s w as asked to test w h e th e r tu m o u rs also d egrade (or tu rn over) p ro te in s m o re rap id ly th a n do n orm al tissues. T h e answ er was 'n o ' [23] [24] [25] [26] . It was only in F re ib u rg th a t he felt able to tackle a m ajo r p ro b le m of his ow n choosing, in a way q u ite d ifferent from W a rb u rg 's m ode of th in k in g .
W a rb u rg h ad d eveloped th e rn an o m etric te c h n iq u es for stu d y in g the d eg rad atio n of food m aterials (p artic u la rly carb o h y d ra te s) by slices of tissues, cut freeh an d w ith a razor. S u ch p re p a ra tio n s c o n tain ed a sufficient p ro p o rtio n of u n d a m a g e d cells to m an ifest th e m etab o lic processes u n d e r inv estig atio n yet w ere sufficiently th in to overcom e th e diffusion b a rrie rs th a t w ould otherw ise im p ed e the exchange of gases betw een the cellular c o n te n ts and the a m b ie n t fluids. H an s K re b s pro p o sed to apply sim ilar p re p a ra tio n s, of liver, to stu d y an energyre q u irin g process: th e c o m b in a tio n of c a rb o n d io x id e and a m m o n ia , to fo rm urea: C 0 2 + 2N H 3 CO(NH2)2 + H20.
T o m e a su re th e a m o u n ts of u rea fo rm e d , H a n s a n d a m ed ical s tu d e n t, K . H e n se le it, u sed p o rtio n s o f g ro u n d -u p jack b ean s, w h ic h w ere rich in urease. T h is e n zy m e catalyses rea c tio n (1) W h e n th e o rn ith in e c o n c e n tra tio n was v aried, a rem a rk a b le p h e n o m e n o n was ob serv ed : in d ilu te so lu tio n and in th e p resen ce o f excess am m o n ia, one m olecule o f o rn ith in e co u ld b rin g a b o u t th e fo rm a tio n of m o re th a n tw e n ty m o lecules of urea. M o re o v e r, th e o rn ith in e d id n o t d isa p p e a r d u rin g th is process, and all th e n itro g e n in th e u rea co uld be acco u n ted for by th e d isa p p e a ra n c e o f th e ad d e d am m onia. C learly, o rn ith in e acted e ith e r as if it w ere a catalyst (like an enzym e) or as if it w ere resy n th esized as fast as it was used.
It h ad already b een show n by A. K ossel and H . D . D ak in in 1904 th a t u rea co u ld be fo rm ed fro m th e am ino acid arg in in e, th ro u g h th e action of arginase in th e liver:
H 2N.C(:NH).HN.CH2(CH2)2.CH(NH2).COOH + H20 arginine
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H2N .C H 2(CH2)2.C H (N H 2).COOH + CO(NH2)2. (2) orthinine urea
All th a t was re q u ire d was a process for c o n v ertin g o rn ith in e to arg inine, and th is clearly w ho sen t h im a sm all a m o u n t of th e ir m aterial: he q u ick ly show ed th a t, in th e p rese n c e o f excess am m o n ia, c itru llin e also acted cataly tically to p ro m o te th e rap id fo rm a tio n o f u rea. T h is th e re fo re closed a cyclic seq u en ce of reactio n s (figure 1) in w h ich an e n d e rg o n ic overall sy n th e sis co u ld be envisaged as th e c o n c e rte d actio n of several reactio n s, each of w h ich could be linked to som e ex erg o n ic process. O f co u rse, it w as n o t feasible at th e tim e to u n rav e l th a t linkage, o r to d e scrib e in d etail th e enzym ic m ec h a n ism s in v o lv ed -th a t had to w ait u n til th e m id -1 9 4 0 s-b u t th e basic o u tlin e d e p ic te d in figure 1 has sto o d th e te st o f tim e a n d has b een show n n o t only to acco u n t for u rea fo rm a tio n in th e livers o f all u reo telic anim als b u t also to be involved, for exam ple, in a rg in in e b io sy n th e sis fro m o rn ith in e by Neurospora a n d by m an y p lan ts. P u b lic a tio n of K re b s & H e n s e le it's w ork [28] [29] [30] was im m ed iately an d w idely hailed as a m ajo r scientific advance. It led to in v itatio n s to lectu re at u n iv ersities th ro u g h o u t G e rm a n y an d (w hich gave H a n s m u c h sa tis faction) at th e K a is e r-W ilh e lm -In s titu t in B e rlin -D a h le m . B ut m ost im p o rta n tly for H a n s 's fu tu re w e ll-b e in g w as th e a tte n tio n it a ttra c te d from Sir F re d e ric k G o w la n d H o p k in s, th e n P re sid e n t of th e Royal Society. In his A d d re ss to th e Society on S t A n d rew s D ay, 1932, H o p k in s su m m a riz ed th e m ain p o in ts of evidence th a t led to th e o rn ith in e cycle and d e scrib ed it as 'research . . . b rillia n tly ca rrie d o u t by K re b s of F re ib u rg -im -B re is g a u '.
A fter his elu cid atio n o f th e m ec h a n ism of u rea fo rm a tio n , H an s was n a tu ra lly led to stu d y th e m etab o lic sources of am m o n ia, and hence to investigate how am ino acids are d eg rad ed by slices of various tissues. T h re e im p o rta n t o b serv atio n s follow ed in q u ick succession: th e d e m o n stra tio n th a t m any tissues can oxidatively d e a m in ate am ino acids, w hich had been p o stu la te d by K n o o p b u t had n o t been verified ex p erim en tally ; the reco g n itio n of th e im p o rta n c e o f the kidney as a m ajo r site of am ino acid m eta b o lism ; a n d th e d isco v ery in liver a n d k id n ey o f an enzym e (D -am ino acid oxidase) th a t specifically rem o v es a m m o n ia fro m th e n o n n a tu ra l (d -) fo rm s of am in o acids w ith th e c o n c o m ita n t u p tak e of oxygen [31, 34, 35] . T h is en zy m e w as late r also fo u n d to be p re s e n t in a v ariety of b iological m ate ria ls, in c lu d in g th e v e n o m o f cobras; ho w ev er, its p h y sio logical role even n o w rem a in s o b sc u re . W o rk w as also b e g u n on th e m e c h a n ism of fo rm a tio n of u ric acid in avian liver [36] .
B u t all th is th riv in g re se a rc h w as d ram a tic ally b ro u g h t to a h a lt in early 1933. A t th e e n d of J a n u a ry , A d o lf H itle r w as elected C h a n c e llo r of G e rm a n y an d th e la te n t a n ti-se m itis m th a t s m o u ld e re d b e n e a th the su rface o f G e rm a n life w as fan n e d in to v io le n t h eat by th e N azis. A 'L aw for th e R e c o n stru c tio n o f th e P ro fessio n al C ivil S e rv ic e ' w as q u ickly passed: its re su lt w as to fo rb id all Jew s to teach in u n iv ersitie s or to p rac tise in u n iv e rsity h o sp itals. In A p ril 1933 H a n s K re b s received a c u rt le tte r fro m th e D e a n of his F a c u lty in fo rm in g h im th a t he h ad been p laced on leave o f absence fo rth w ith ; a w eek later, he was form ally d ism isse d fro m his p o st, w ith effect fro m th e e n d of Ju n e 1933. A n echo of th ese ev en ts a p p e ars in th e last p a p e r th a t K re b s p u b lish e d fro m G e rm a n y [35] . In it he re p o rte d th a t, in a d d itio n to fo rm in g am m o n ia fro m th e d e a m in a tio n of am in o acids, slices o f ra b b it or gu in ea pig k id n ey actually took u p large a m o u n ts of a m m o n ia if g lu ta m a te was also p re se n t. H o w ev er, th e p ro d u c t of th is reactio n co u ld n o t th e n be id en tified . As H a n s w ro te on p. 158 of th a t p a p e r, 'D ie F rag e . . . k o n n te ich n ic h t m e h r e n tsc h e id e n da ich die A rb e it a b b re c h e n m u s s te ': the c o n te m p o ra ry re a d e r co u ld d raw his ow n co n clusions on th e reasons for th is te rm in a tio n of w ork.
A n e w l if e i n E n g l a n d
(a ) C a m b r i d g e , 1933-35
T h e new s of th e h a p p e n in g s in G e rm a n u n iv ersities h ad aro u sed the co n cern o f B ritish scholars and scientists. T h is led to th e se ttin g up o f an 'A cadem ic A ssistance C o u n c il', in M ay 1933, by a g ro u p o f academ ics led by S ir W illiam (later L o rd ) B everidge, w h ich was d e d ic a te d to b rin g in g G e rm a n refugee scholars o u t of G e rm a n y and assisting th em , b o th financially and in finding su itab le e m p lo y m e n t in the U n ite d K in g d o m . S ir F re d e ric k G o w lan d H o p k in s was an active s u p p o rte r of th is C ouncil; alth o u g h aged 72 and m u ch occupied w ith the affairs of the Royal Society and of his d e p a rtm e n t, he h ad already taken in d e p e n d e n t initiatives to help H an s K reb s. In early A pril, and before H an s h ad actually lost his post, S ir F re d erick h ad w ritte n to h im to offer h im sh elter in C am b rid g e if finance could be arran g ed . In early Ju n e it becam e a p p a re n t th a t th ere was a good chance th a t such financial assistance w ould be pro v id ed , initially for one year, by the R ockefeller F o u n d a tio n ; w ith o u t w aiting for definite assurances to th is effect, H an s left F re ib u rg th a t m o n th for E n g la n d . O n his arrival in L o n d o n , he was m et by his frie n d and fellows tu d e n t H e rm a n n B laschko (F .R .S . 1962) (w ho gave an affectionate a c co u n t o f those days in an article p u b lis h e d in a special issue of F E B S Letters (1980) for K r e b s 's e ig h tie th b irth d a y ); he tra v e lle d to C a m b rid g e a few days later. W ith h im tra v e lle d sixteen w o oden boxes a n d several suitcases, co n ta in in g vario u s item s o f e q u ip m e n t in c lu d in g tw o W a rb u rg b a th s and tw e n ty -fo u r m an o m e te rs, w h ich h ad b een p u rc h a se d by H a n s fro m perso n al g ran ts. All w ho learn ed th e ir m a n o m e try fro m H a n s over th e n e x t 20 years will re m e m b e r th o se b a th s fondly: n o th in g ever w en t w ro n g w ith th em , o r w ith th e d riv in g m ec h a n ism th a t a c tu a te d th e rh y th m ic to -a n d -fro m o v em e n t of th e m a n o m e te rs, th a t co uld n o t be c u re d by e ith e r a fresh piece o f gas tu b in g o r a su ita b ly c u t len g th of string! By early Ju ly , K re b s had installed his m a n o m e te rs in a lab o ra to ry in th e D e p a rtm e n t and h ad b e g u n w ork. H e h ad d ecid ed against m o v in g to O xford: a te n ta tiv e a p p ro a c h to th a t effect h ad b een m ade to h im by P ro fesso r R. A. (later S ir R u d o lp h ) P e ters (F .R .S . 1935), b u t th e o b liq u en ess of the language used had so baffled H an s th a t he was u n c e rta in of the in te n tio n . As he so m o vingly d e scrib ed in th e H o p k in s M em o rial L e c tu re he gave in 1961 [90] , he felt h im se lf to be at hom e in C a m b rid g e fro m th e very first. It was the little in cid e n ts th a t p a rtic u la rly im p ressed them selves on h im and m ade h im feel accepted. As he said in the course of his lecture:
'S o o n er th a n I th o u g h t possible, I was tra n s fo rm e d fro m th e stage of th e v isito r to th a t of a m em b e r. A to ken of th is tra n sfo rm a tio n was a to u ch in g set of in cid e n ts at th e an n u al S ir W illiam D u n n d in n ers w here, w ith H o p k in s p resid in g , the m em o ry o f th e b e n e fa c to r of the C a m b rid g e School of B io ch em istry was h o n o u red . W h e n I a tte n d e d th is for the first tim e, after alm o st a y e a r's stay, I was asked to reply to th e T o a s t of the V isitors fro m O verseas, and a year later, I was in v ited to p ro p o se, on b e h a lf of th e S chool, th e T o a s t o f th e V isitors from O v e rsea s.' T h is in c id e n t also testified to H a n s 's rap id a cq u isitio n o f fluency in E nglish. H e h ad b e g u n th e process by in ten siv e g u id ed read in g (b eg in ning, p e rh a p s d an g ero u sly , w ith th e w orks o f L ew is C arroll!) th a t left him w ith an ab id in g love of E n g lish lite ra tu re and a rare feeling for th e felicitous ph rase. H e also k ep t, nex t to his W a rb u rg b a th s, a b lack b o ard on w hich he w ould w rite w o rd s and ph rases new to h im , to be m em o rized later. T h is m eth o d was generally efficient b u t n o t alw ays foolproof: a co n te m p o ra ry recalls th a t, on one occasion, H an s gleefully re p o rte d th a t he had 'ju s t p u lled D r M a rjo ry S te p h e n s o n 's legs'.
A fter taking up research in C a m b rid g e , H an s chose initially to co n tin u e the w ork on am ino acid m etab o lism th a t he h ad sta rte d in F re ib u rg . H is first p a p e r in the Biochemical Journal re p o rte d the c h aracterizatio n of the D -am ino acid oxidase [38] ; his second [39] solved th e p ro b le m left u n re so lv e d at th e tim e of his d e p a rtu re fro m F re ib u rg [35] by id e n tify in g th e p ro d u c t of th e rea c tio n of a m m o n ia a n d g lu ta m a te as g lu ta m in e . T h e sy n th e sis o f th is m etab o lically im p o rta n t su b stan ce w as re p o rte d to o c c u r n o t only in k id n ey b u t also in b ra in , re tin a a n d (to a lesser e x te n t) in o th e r tissu es. H a n s also d e sc rib e d th e disco v ery o f tw o g lu ta m in a ses p re s e n t in anim al tissu es. W ith H . W e il-M a lh e rb e , he w as th e first to re p o rt th e c o n v e rsio n in k id n ey o f p ro lin e in to g lu ta m a te an d g lu ta m in e [40] ; w ith N . L . E d so n , he show ed th a t h y p o x a n th in e was in v o lv ed in th e b io sy n th e sis of u ric acid by b ird s [41, 42] .
A lth o u g h g rea t efforts h ad b een m ad e to settle refugees fro m N azi o p p re ssio n in th e U n ite d K in g d o m , it h ad b een m ad e clear by official sta te m e n ts th a t, at a tim e of h ig h u n e m p lo y m e n t, a p e rm a n e n t w elcom e was n o t n ecessarily assu re d . In M ay 1934, H an s K re b s was in v ited to m eet D r C h a im W e iz m a n n (w ho w as later to b eco m e th e first P re sid e n t of Israel) to discu ss th e p o ssib ility of his e m ig ratin g to P alestin e. T w o years later, H a n s, to g e th e r w ith D av id N a c h m a n so h n , visited v arious academ ic in stitu tio n s th ere; how ever, th e p o ssib ilities for research w ere too lim ited a n d th e idea cam e to n o th in g . B ut all his life H a n s fo stered th e g ro w th of scientific rese a rc h in w h a t later b ecam e Israel; u ltim a tely , he was n o t only a G o v e rn o r b o th o f th e H e b re w U n iv e rsity of Je ru sa le m and of the W e iz m a n n In s titu te b u t h eld H o n o ra ry D o c to ra te s fro m b o th in stitu tio n s.
In M ay 1935 a ra th e r d ifferen t o p p o rtu n ity arose. A t a m eetin g of the B ritish P harm aco lo g ical S ociety in C a m b rid g e , H a n s w as offered th e po st of L e c tu re r in th e D e p a rtm e n t of P h arm aco lo g y at th e U n iv e rsity of Sheffield, by P ro fesso r E. J. (later S ir E d w ard ) W ayne. Since no e q u iv a len t p o st w as likely to becom e available in C a m b rid g e , H a n s ex p lo red th is fu rth e r and was favourably im p ressed by th e p o ssib ilities of dev elo p in g his research in te rests th ere; in O c to b e r 1935 he took u p th is lec tu re sh ip . (Iro n ically , a le c tu re rsh ip d id com e up in C a m b rid g e later th a t year and H o p k in s offered it to K re b s, b u t by th a t tim e H an s felt p e rsu a d e d th a t th e nex t phase of his life sh o u ld lie in Sheffield, so he refu sed .) (b) Sheffield: the second Krebs cycle, 1935-39 T h e D e p a rtm e n t of P harm aco lo g y occupied five room s of a b u ild in g c o n stru c te d in th e early p a rt of th e ce n tu ry . P ro fesso r W ayne allocated tw o of those room s to H an s (w ho was his only L e c tu re r) and shared equally w ith h im th e an nual d e p a rtm e n t b u d g e t of £ 1 0 0 -T h re e years after his arrival, H an s was in fo rm ed th a t, at W a y n e 's in stig atio n , the U n iv e rsity had agreed to change his title to L e c tu re r in B iochem istry; this presaged the esta b lish m e n t of a C h air (th o u g h th is had to w ait u ntil after th e w ar) and also m ade it possible for H an s to secure co n tin u in g financial assistance from th e R ockefeller F o u n d a tio n . D e sp ite the relatively c ra m p ed accom m odation, H ans engaged a tech n ical assistan t (L e o n a rd E g g lesto n , w ho rem a in e d w ith h im for 38 years), a ccep ted a g ra d u a te s tu d e n t a n d w elcom ed som e p o std o c to ra l w o rk ers fro m a b ro ad . W ith th is s tu d e n t, W . A. Jo h n so n , he c o n tin u e d stu d ie s on th e d ism u ta tio n o f p a irs of a-o x o a c id s in anim al tissu es [54] a n d in a n aero b ic b a c te ria [55] th a t h ad b een b e g u n in C a m b rid g e a n d th a t rein fo rc e d his ab id in g in te re s t in th e m ec h a n ism s o f ketosis. H e an d J o h n so n also beg an in v estig a tio n s of th e o x id atio n o f d i-an d tric arb o x y lic acids in p igeon b re a st m u scle-a very rap id ly re sp irin g tissu e-th a t laid th e fo u n d atio n s of th e 'c itric a c id ' cycle [45, 46] . P rev io u s w ork h ad show n th a t glucose has first to be fra g m e n te d , via glycolysis, b efo re th e e n d -p ro d u c ts of th a t pro cess can u n d e rg o o x id a tion. I t had also b een e sta b lish e d , largely th ro u g h th e w ork o f A. S zen t-G y o rg y i, th a t only a relatively sm all n u m b e r o f su b sta n c e s, w h en ad d e d to coarsely m in c e d m uscle, w ere oxidized w ith sufficient ra p id ity to be c o n sid e red as possible in te rm e d ia te s in th e overall o x id atio n of glucose to c a rb o n dioxide and w ater. In p a rtic u la r, S z e n t-G y o rg y i a n d his co l leagues h ad show n th a t su ccin ate was read ily oxidized to oxaloacetate: 
OOC.CH CH(OH).COO-II + h 2o --------* I CH.COO
H e h ad also show n th a t, u n d e r ce rtain c o n d itio n s, ad d ed fu m a rate could be reco v ered v irtu a lly u n d im in ish e d in q u a n tity d esp ite a v igorous stim u la tio n of oxygen c o n su m p tio n . S z e n t-G y o rg y i h ad th ere fo re a s su m ed th a t th e su ccin ate fu m a rate + 2 [H ] reactio n (3) w as a catalytic process, co n cern ed p rim a rily w ith th e tra n sfe r of 2 [H ] , a n d th a t th e various c o m p o u n d s th a t p a rtic ip a te d in th is and th e o th e r reactio n s w ere p a rts of a 'd icarboxylic acid s h u ttle '. I t had also b een e sta b lish e d by K re b s 's old teach er, F. K n o o p , and his s tu d e n t, K . M a rtiu s, in 1937 th a t citrate was readily oxidized to su ccin ate by th e sequence 
H o w e v er, th e re w as no su g g e stio n th a t c itric acid c o u ld arise from glucose, an d th e p o ssib le c o n n e c tio n of th ese rea c tio n s to c a rb o h y d ra te o x id a tio n w as th u s n o t a p p a re n t. I t w as K re b s and Jo h n s o n w ho d e m o n s tra te d th e ex isten ce an d significance o f th ese m issin g pieces of the puzzle: th ey sh o w ed th a t m in c e d m u scle catalysed th e c o n d e n sa tio n of p y ru v a te , w h ic h w as k n o w n to be a p ro d u c t o f glucose o x id atio n , w ith o x aloacetate to fo rm c itra te , a n d th a t th is p ro cess co uld acco u n t q u a n tita tiv e ly for th e rate at w h ic h p y ru v a te was oxidized. I t w as th is c o n d e n sa tio n th a t m ad e a series of reactio n s, th a t a p p e are d n o t n e c es sarily to be c o n n e cte d , in to a cycle (figure 2) and linked th e step s fro m c itra te to oxaloacetate w ith c a rb o h y d ra te m eta b o lism . F o r th e first tim e it was p o ssib le to ex plain th e c o m p le te c o m b u stio n of c a rb o h y d ra te by an e x p e rim e n ta lly verifiable reactio n seq u en ce. T h e e lu c id atio n of th e m ech an ism by w h ich citrate is fo rm ed fro m oxaloacetate and p y ru v ate h ad to aw ait th e discovery of acetyl-coenzym e A m ore th a n a decade later. (In d e e d , in th e ir original p a p e r [45], K re b s & Jo h n so n co u ld n o t even be sure th a t it w as p y ru v ate itself th a t w as the p re c u rso r of citrate: all th ey could co n clud e was th a t 'the su bstance co n d en sin g w ith oxaloacetate is deriv ed from c a rb o h y d ra te . W e m ay te rm it p rovisionally as " trio s e " , leaving it open w h e th e r triose reacts as such o r as a derivative for exam ple as a p h o sp h a te ester, or p y ru v ic acid, or acetic a c id .') B ut ad d itio n al evidence th a t th e cycle o p e ra ted as a cycle was rap id ly fo rth c o m in g . K re b s & Jo h n s o n h ad alread y sh o w n [45] th a t m alo n ate, w h ich in h ib its th e o x id atio n o f su ccin ate to fu m a ra te , in creased th e q u a n titie s of su ccin ate fo rm e d fro m o xaloacetate aero b ically b u t decreased th e m an aerobically. T h is o b se rv a tio n w as e x te n d e d [55] [56] [57] by th e o b se rv a tio n th a t, w hereas sm all a m o u n ts o f any o f th e in te rm e d ia te s of th e citric acid cycle ex ert a catalytic effect on th e oxygen c o n s u m p tio n by m in c e d m uscle in th e absence of m alo n ate, th e o x id atio n is sto ic h io m e tric in its p resen ce and p ro ceed s only u n til th e in te rm e d ia te ad d ed has b een c o n v e rted to su ccin ate. T h is im p o rta n t o b se rv a tio n conclusively d isp o sed o f a lte rn a tiv e b u t n o n -cy clic schem es of reactio n s th a t had b een p ro p o se d by o th e r w orkers.
+ 'triose' ----------
It is im possible to o v e re stim ate th e im p o rta n c e of th e tric arb o x y lic acid cycle (as it is now usu ally called) to an u n d e rs ta n d in g o f in te rm e d ia ry m etab o lism . N o t only does th is cycle ex plain th e stepw ise release of en ergy c o n c o m ita n t w ith th e c o m p lete o x id atio n o f v irtu a lly all food m aterials in v irtu a lly all aerobic o rg an ism s b u t, as K re b s and his colleagues w ere first to show in 1952 [73] , th e cycle also p ro v id e s th e c arb o n skeletons o f m an y cell c o n s titu te n ts . E lu c id a tio n of th e cycle by H an s K re b s w as b o th a m ajo r in te lle c tu a l a ch iev em en t in itse lf a n d was sem inal to m u ch of th e d ram a tic p ro g re ss in b iochem ical know ledge th a t c h aracterized th e 1940s a n d 1950s.
B esides these im p o rta n t stu d ies on th e m eta b o lism o f c a rb o h y d ra te s, H an s also m ain ta in e d his in te re st in am ino acid m etab o lism . H e h ad been jo in e d in 1938
by a n u m b e r o f p o std o c to ra l scien tists from ab ro ad , w ho w orked on b ro ad areas su ggested by H a n s b u t did so largely in d e p e n d ently. T h is set a p a tte rn th a t differed fu n d am e n ta lly fro m th e regim e to w hich H an s had h im se lf been su b je c ted in W a rb u rg 's lab o ra to ry , an d th a t he m ain ta in e d th ro u g h o u t his w o rk in g life. W o rk on b io sy n th esis of g lu tam in e [50] and of a -o x o g lu ta ra te [53] in pigeon liver slices, and stu d ies of tra n sa m in a tio n reactio n s [51] , shed lig h t on th e role of the tricarboxylic acid cycle in the m eta b o lism also of am ino acids, a n d on the m an n e r in w h ich th e a m in o -n itro g e n w as released u ltim a tely as am m onia. W o rk on th e sy n th esis of p u rin e s and u ric acid, b e g u n in F re ib u rg , was e x te n d e d [48, 49] . B ut, m ost im p o rta n tly , w ork was b eg u n th a t led K re b s to w h at m u st have th en b een a re v o lu tio n a ry concept: th a t carb o n dioxide m ig h t n o t be m erely a w aste p ro d u c t of anim al m e ta b o lism b u t m ig h t be an essential p a rtic ip a n t in bio sy n th eses.
(c) Sheffield: the impact of war, 1939-45
T h a t c arb o n dioxide could be in co rp o rate d into p ro d u c ts fo rm ed by an anim al tissue had, of course, been show n by K re b s & H en seleit in th e ir studies of th e m ec h a n ism of u rea synthesis by the liver [30] . B ut u rea is a w aste p ro d u c t of m etabolism ; it w as n o t th o u g h t th a t carb o n dioxide m ig h t im p o rta n tly c o n trib u te to b io sy n th e tic processes in anim als, a lth o u g h W o o d & W e rk m a n in 1938 h ad su g g e ste d th a t th is o c c u rre d in c e rta in ty p es o f b a c te ria .
In 1939 H a n s K re b s a n d his colleagues [50] re p o rte d e x p e rim e n ts on th e sy n th e sis o f g lu ta m in e fro m p y ru v a te a n d a m m o n iu m ch lo rid e in p igeon liver. A t th a t tim e only tw o isotopes of ca rb o n o th e r th an 12C w ere know n: 13C, w hich w as stable b u t n eed ed elab o rate e q u ip m e n t for its m e a su re m e n t, and n C, w h ich was a radioactive cyclo tro n p ro d u c t b u t h ad a half-life of only 21 m in u te s and th u s could be used only if th e biological w ork was actually done close to th e cy clotron. H a n s w ro te to th e p ro fesso rs of physics at L iv erp o o l and at C a m b rid g e , w h ere th e tw o B ritish cy clo tro n s w ere located, b u t received disco u rag in g replies: th e m ach in es w ere b ein g fully used for w ar w ork. H e th en w rote to P rofessor A. B aird H astin g s at H a rv a rd to ask th a t th e e x p e rim e n ts be done there; H a stin g s readily agreed and arra n g e d for the w ork to be done in the su m m e r of 1941. H ow ever, in th e m ea n tim e in C hicago, E arl E vans had received an e n q u iry from L o u is S lotin, a physicist, w h e th e r any biologist co uld m ake use of the isotopic m aterial th e n b eing p ro d u ce d in the local cyclotron. T h e 11C 0 2-fixation ex p e rim e n ts w ere carried out, yielded positive results, and w ere p u b lish e d by E vans & S lotin th a t year. A lth o u g h K re b s was th u s no t the first to d e m o n stra te th a t p y ru v ate could react in liver w ith carb o n dioxide to yield a C 4 p ro d u c t (and for m any years felt-u n ju stly -th a t E vans h ad unfairly ro b b ed h im of this achieve m en t), he u n d o u b te d ly p re p a re d th e g ro u n d for th a t advance. P h ilo sophically, he late r [112] w rote:
. th e disco v ery o f th e p a rtic ip a tio n o f C 0 2 in th e m eta b o lism o f h e te ro tro p h ic o rg an ism s w as m ad e because th e tim e h ad b ecom e rig h t fo r it. I t w as in th e p a th of p ro g re ss of th e elu c id atio n of in te rm e d ia ry m eta b o lism . . . . S o o n e r or late r th is disco v ery was b o u n d to be m ade, an d it is no ac cid e n t th a t several lab o ra to rie s w ere on th e sam e tra c k at th e sam e tim e .'
T h e w ar, w h ic h h ad m ad e th e B ritish c y c lo tro n s u n av ailab le to H a n s K re b s, ch a n g ed th e d ire c tio n of his scientific life also in a n o th e r w ay. In 1941, th e U n iv e rsity of Sheffield h o u se d , as S o rb y R esearch F ellow o f the Royal Society, D r K e n n e th M e lla n b y . H e h ad assem b led , in a large V icto rian ho u se o p p o site one o f th e U n iv e rs ity 's halls of resid en ce, a g ro u p o f c o n scie n tio u s objectors: a b o u t tw e n ty y o u n g m en w ho h a d refu sed to go to w ar b u t w ere w illing to u n d e rg o u n c o m fo rta b le an d occasionally d a n g e ro u s e x p e rim e n ts th a t m ig h t benefit h u m a n k in d in a n o n -m ilita ry w ay. In c o n su lta tio n w ith th e M in is try o f H e a lth , M e lla n b y and th e g ro u p s tu d ie d (by sleep in g in in fected b lan k ets a n d in o th e r equally u n p le a sa n t w ays) how th e p a ra site th a t caused th e skin disease scabies w as tra n s m itte d fro m p e rso n to p e rso n . B u t th is o c cu p ied only little of th e tim e a n d a tte n tio n o f th e g ro u p . O n th e advice of D r R. A. M cC an ce (F .R .S . 1948) an d D r Elsie M . W id d o w so n (F .R .S . 1976) at C a m b rid g e , H a n s K re b s p e rsu a d e d M e lla n b y and th e g ro u p to u n d e rta k e e x p e rim e n ts to co m p are th e d ig estib ility o f 75% e x tra ctio n flour w ith th a t o f th e 'n atio n al w heatm eaP (8 5 % ) ex tra ctio n flour, and th e effects of the la tte r on th e a b so rp tio n of calcium [63] . T h is involved feeding each of th e v o lu n te e rs w ith d iets c o n ta in in g e ith e r one or th e o th e r flour, an d analysing th e d ry m ass and n itro g e n c o n te n t of th e faeces. H a n s fo u n d th a t th e 85% e x tra ctio n flour was n o t significantly less dig estib le th a n th e lo w e r-e x tra ctio n variety, and th a t m u ch of th e e x tra n itro g e n in th e fo rm e r was in d eed utilized . T h is im p o rta n t resu lt ju stifie d th e use of h ig h e r ex tra ctio n m eth o d s, w ith c o n seq u e n t savings on sh ip p in g space n eed ed to b rin g th e w heat to B ritish across U -b o a t in fested seas.
H ow ever, h ig h -e x tra c tio n flours c o n tain ed p h y tic acid, w h ich c o m bines w ith calcium to fo rm in so lu b le salts; som e d o u b ts w ere th ere fo re ex p ressed on th e p ossible risks o f calcium deficiencies (p a rtic u la rly to grow in g c h ild ren ) associated w ith c o n su m p tio n of 'n atio n al w h e a tm e a l' b read . K re b s & M e lla n b y [65] con firm ed th a t th e h ig h -e x tra c tio n flour did in d ee d im p a ir calcium a b so rp tio n fro m th e in te stin a l tra c t, w hich s u p p o rte d th e officially rec o m m e n d e d p ractice of s u p p le m e n tin g th e 'n atio n al w h e a tm e a l' flour w ith calcium salts. A lth o u g h d u rin g th e w ar years H a n s was involved also in o th e r n u tritio n a l in v estig a tio n s, aim ed at d isco v erin g how th e h e a lth of th e p o p u la tio n w as affected by th e w a rtim e diet, th e w ork o f his lab o ra to ry c o n tin u e d , largely th ro u g h th e efforts o f H a n s 's only p e rm a n e n t te c h n ician , L e o n a rd E g g lesto n , and th e few v isito rs w ho c o m p rise d th e g ro u p . A ll th is ch a n g ed in 1945 w h en , sim u lta n e o u sly , th e M ed ical R esearch C o u n c il esta b lish e d th e U n it for R esearch in Cell M e ta b o lism , w ith H a n s as H o n o ra ry D ire c to r, a n d th e U n iv e rsity e sta b lish e d a C h a ir o f B io ch em istry , w ith H a n s as first in c u m b e n t.
(d) Sheffield: the making of a department, 1945-54
A lth o u g h H a n s h ad in 1945 b een g ra n te d th e title of P ro fesso r (w ith th e M .R .C . pay in g h a lf his salary), th is was an e m p ty g estu re in th e absence of s u p p o rtin g staff. U p to th e n , H a n s 's only c o m m itm e n t to u n d e rg ra d u a te tea c h in g h ad b een a b ien n ial tw o-w eek p e rio d of b io c h e m ical lec tu re s as p a rt o f th e course fo r th e h o n o u rs degree in ch em istry , and occasional forays into th e teach in g for 2nd M .B . (Sheffield at th a t tim e still reta in e d a L e c tu re r in Physiological C h e m istry , b u t he h ad no official co n tact w ith b io ch e m ists.) It was clearly essential to acq u ire staff to rem ed y these deficiencies, and to estab lish pu b licly the cen tral role th a t b io ch e m istry was increasingly assu m in g in th e d ev elo p m en t of the biological sciences. B ut it was im possible to do so in th e cra m p ed q u a rte rs th e n allo tted to th e U n it and D e p a rtm e n t, and H a n s 's first m ajo r task was to p e rsu a d e th e U n iv e rsity a u th o ritie s to g ran t him m ore space. T h is he succeeded in doing, o v ercom ing co n sid erab le resistance in th e process. T w o years later, the n o w -e x p a n d ed g ro u p occupied an old p riv ate house, and th e g ro u n d floor w ing of a new b u ild in g th a t was originally d estin ed to accom m odate a m e n 's lavatory: it was good to no te H a n s 's a m u sem en t as san itary w are was m oved o u t and W a rb u rg b a th s w ere m oved in. . . .
T o g e th e r w ith new ly a p p o in te d m e m b e rs of academ ic staff, p a rtic u la rly J. S. D . B acon, A. E. B e n d e r a n d M o n ica L in d sa y (later J o h n so n ), H a n s co uld b eg in to c o n stru c t a o n e -y e a r co u rse in b io c h e m istry for m edical stu d e n ts; it was n o t u n til 1952 (by w h ich tim e th e D e p a rtm e n t h ad also c o n v e rted m o st of a d isu se d cinem a, on th e o th e r side o f th e ro ad , to lab o ra to ry , w o rk sh ip a n d se m in a r ro o m a c co m m o d a tio n ) th a t a th re eyear h o n o u rs degree in b io c h e m istry co u ld even be envisaged. T h is la tte r in itiativ e ow ed m u c h to an offer th a t h ad b een m ad e to H a n s of a P ro fe sso rsh ip at H a rv a rd , w h ich in cid e n ta lly also gave h im m u c h n e e d ed b a rg a in in g pow er at Sheffield. In a m e m o ra n d u m to th e U n iv e rsity a u th o ritie s d a te d N o v e m b e r 1951, H a n s m ade it clear th a t, given a d e q u ate facilities, he w ould choose to rem a in in Sheffield: he w as given th e facilities he so u g h t.
T h e e sta b lish m e n t of an in d e p e n d e n t D e p a rtm e n t an d M edical R esearch C ouncil U n it, w h ich h a p p ily c o in cid ed w ith th e e n d in g of th e w ar, e n ab led new a p p a ra tu s a n d new te c h n iq u e s to be in tro d u c e d . O ne of the earliest m em o ries th a t one of us (H . L . K .) has o f th is p e rio d is the arrival, in early 1946, of th e first electric b len d e r. H a n s d isa p p e a re d w ith it in to th e sm all room th a t served b o th as his office and as lib rary ; his p a rttim e secretary w en t in and o u t w ith vario u s p a p e r bags an d (even m o re en th ra llin g ) a tray of ice cubes. W h en , after m u c h m y ste rio u s w h irrin g , the do o r o p en ed again, it was to reveal H a n s w ith a tra y o f beakers c o n ta in in g a thick, red fluid. H an s advanced on th e g ro u p , assem b led to m arvel at this stran g e new piece o f lab o ra to ry w are. 'H ave a to m ato cocktail!' he p ro u d ly offered. . . . M o re seriously, an d th ro u g h th e gen ero sity of th e R ockefeller F o u n d a tio n , th e re a rriv ed a refrig e rate d cen trifu g e, a p rim itiv e sp e c tro p h o to m e te r a n d o th e r devices th a t, al th o u g h p e rh a p s com m o n p lace in the U .S .A ., w ere still rarities in th e U .K .
T h e g ro w th in space and facilities e n ab led new m em b e rs o f staff, g rad u a te stu d e n ts a n d w elcom e v isito rs fro m a b ro ad to be ad d ed to the h ith e rto tin y b an d of w orkers. O f p a rtic u la rly sem inal im p o rta n c e w as th e re tu rn from w ar service of R eg inald H em s, w ho h ad jo in e d H an s as a tech n ician in 1940 b u t had b een called up; he rem a in e d H a n s 's close c o llab o rato r to th e end of H a n s 's life. A lso im p o rta n t w ere th e a p p o in t m en t to the U n it of R. E. D avies (F .R .S . 1966) w ho, w ith tw o colleagues, in itia ted w ork on gastric secretio n totally o u tsid e H a n s 's p rev io u s research, and to the academ ic staff of K . B u rto n (F .R .S . 1974). B oth of th em , by focusing a tte n tio n on m o re physical aspects o f b io ch e m istry (in clu d in g th erm o d y n a m ic co n sid eratio n s), aw akened in te rests th a t H an s m ain ta in e d to th e end of his life. A n influential v isito r in 1948-49 was S. G u rin , on leave fro m th e U n iv e rsity of P en n sy lv an ia, w ho in tro d u c e d the g ro u p to the use of 14C as a biological tracer. A p p ro p ria tely , in view of H a n s 's past w ork, th e p ro b le m stu d ie d initially w as w h e th e r th e t r i carboxylic acid cycle o p e ra ted as a m ajo r p athw ay o f term in a l resp ira tio n in b a k e rs' yeast. As w ith m o st in v estigations involving radioactive iso to p es, th e re su lts o b ta in e d w ere clear, d efinitive and u n eq u iv o cal; iro n ically , th e m ain co n c lu sio n s d raw n w ere also in c o rre c t [73] . A lth o u g h th e new a n d c o rre c t c o n c lu sio n em e rg ed th a t th e cycle p ro v id e d th e c a rb o n sk eleto n s for th e sy n th e sis of m an y cell c o m p o n e n ts, th e resu lts a p p e a re d also to show th a t [ 14C ]acetate d id n o t pass th ro u g h th e cycle on its w ay to 14C 0 2. T h e reaso n for th is e rro r w as th a t p e rm e a b ility b a rrie rs exist in m ic ro o rg a n ism s th a t p re v e n t th e m ix in g of som e ex te rn ally a d d e d su b sta n c e s w ith th e id en tical m ate ria ls inside th e cells: th e tec h n iq u e s th a t h a d b e e n u se d so successfully w ith p igeon b re a st m u scle [55] [56] [57] 
In 1947 H a n s w as elected in to th e F e llo w sh ip o f th e R oyal S ociety. Six y ears later, to th e g rea t d e lig h t of all his colleagures (an d a fter a false alarm a year p rev io u sly th a t m u st have caused H a n s g rea t e m b a rra s s m en t), H a n s sh a re d th e N o b e l P rize for P hysiology an d M e d ic in e w ith his frie n d o f B e rlin -D a h le m days, F ritz L ip m a n n . T h e se ex p ressio n s by his p eers o f th e h ig h reg a rd in w h ich his w ork w as held gave H a n s n o t only m u c h p lea su re b u t th e confidence he w o u ld need for th e academ ic b a ttle s ahead. In 1954 he v isited th e U n ite d S tates to d eliv er th e H e rte r L e c tu re s at J o h n s H o p k in s M ed ical School; he took th e o p p o rtu n ity also to lec tu re at several o th e r u n iv ersities. A m o n g th e la tte r was Yale, w here his frie n d J. F ru to n th e n h ead ed th e B io ch em istry D e p a rtm e n t an d at w h ich one of us (H . L . K .) w as th e n a p o std o c to ra l F ellow . O n a long walk th ro u g h th e C o n n e c tic u t c o u n try sid e an d , later, on a jo in t trip to N ew Y ork, H an s revealed an ex citin g po ssib ility th a t h ad ju s t b een raised in c o rre sp o n d en c e w ith frien d s in O xford: th a t he m ig h t succeed S ir R u d o lp h P e ters, F .R .S ., in the W h itley C h air. (It was c h a ra c te ristic of H a n s th a t he sh o u ld seek th e o p in io n of one so im m en sely ju n io r to him , and sh o u ld p a tie n tly listen and debate; it was equally c h a ra c te ristic th a t H a n s flatly refu sed even to e n te rta in th e idea of a m ove unless the U n it co u ld also be given th e o p p o rtu n ity to m ove w ith h im .)
O n H a n s 's re tu rn to Sheffield, an O x fo rd frie n d of long stan d in g , D r W . E. van H e y n in g e n , v isited him and p u t the q u e stio n blu n tly : w ould he go to O xfo rd if th e C h a ir w ere offered and if his co n d itio n s could be m et? H an s said 'y e s', and D r van H ey n in g e n in fo rm e d the V ic e-C h an cello r accordingly. H an s was duly a p p o in te d to th e C h air as fro m 1 O c to b e r 1954.
(e) O xford, 1954-6 7 A lth o u g h H an s received assurances from m o st m em b e rs o f the U n it th a t they w ere w illing to accom pany him , and from th e S ecretary of the M .R .C . th a t a d eq u ate financial provisions for the U n it w ould be m ade, the tra n sitio n from Sheffield to O xfo rd was no t w ith o u t tra u m a. F o r one th in g , m em b e rs of the U n it had roots and c o m m itm en ts in Sheffield th a t w ere n o t easy to break; for an o th e r, th e d e p a rtm e n t at O xford was a close-k n it one, w hose m e m b e rs h ad sp e n t m o st of th e ir academ ic lives in O x fo rd , b o th as u n d e rg ra d u a te s a n d s u b se q u e n tly . A n a d d itio n a l c o m p lic a tio n w as th a t, like m o st m e m b e rs o f th e U n iv e rsity , th e y felt th a t th ey ow ed th e ir p rim a ry allegiance n o t to th e D e p a rtm e n t b u t to th e ir C ollege. T h e arriv al o f a new P ro fe sso r w ho h ad v irtu a lly no p rio r e x p erien ce o f th e O x b rid g e sy stem -in his tw o years in C a m b rid g e , H a n s h ad h ad no C ollege affiliation-acco m p an ied by eig h t fu ll-tim e research w o rk ers, w ith sim ila r lack o f O x b rid g e ex p erien ce, w as view ed w ith som e a p p re h e n sio n by th e m and by th e U n iv e rsity at large. H a n s, q u ick ly realizing th e social an d financial d e p riv a tio n s e x p e rien c e d by m e m b e rs of staff n o t a tta c h e d to C olleges, trie d to change U n iv e rsity p rac tic e in tw o ways: to p e rm it su ch staff to escape fro m salary scales th a t w ere strictly and exclusively related to th e age of th e rec ip ie n ts, a n d to enable th e m rap id ly to achieve C ollege F ello w sh ip s. In his a u to b io g rap h ic al a c co u n t o f th ese a tte m p ts [121] , w h ich speaks (p erh a p s at excessive len g th ) '. . . o f old, u n h a p p y , far-o ff th in g s A n d b a ttle s long a g o ',
H an s gives a g rap h ic p ic tu re o f a c ru sa d in g p ro g ressiv e in a h eroic an d only p a rtly successful stru g g le against a rea c tio n a ry a n d e n tre n c h e d oligarchy. It m u st be a d m itte d , h ow ever, th a t a d ifferen t view o f th ese events was taken by m an y m e m b e rs of th e U n iv e rsity : H a n s 's a tte m p t to allow p a rtic u la rly n o n -F e llo w s of C olleges to receive salaries d e te rm in e d acco rd in g to in d iv id u al m e rit ra th e r th a n age was d efeated by a vote in th e U n iv e rs ity 's C o n g re g a tio n in J u n e 1961; sim ilarly, only th re e m e m b e rs of th e U n it's staff w ere a p p o in te d le c tu re rs at C olleges w ith in five years of th e m ove, and n o n e was elected in to a F ello w sh ip . As a sen io r m e m b e r of th e U n iv e rsity D e p a rtm e n t at th a t tim e recalls, '. . . it was a slow b u sin ess, and one w hich m ad e K re b s u n p o p u la r in som e C ollege q u a rte rs . O ne C h ristm a s an e m in e n t org an ic ch em ist was d istrib u tin g th ro u g h th e science d e p a rtm e n ts Sw iss c h a rity stam p s in sc rib e d "K a m p f gegen Krebs". B u t in th e end was accep ted by m o st C olleges of a p p o in tin g u n a tta c h e d U n iv e rsity staff as " F ellow s by S pecial E le c tio n " , a n d th is has largely dealt w ith the p ro b lem . It is a so lu tio n th a t was largely due to K re b s 's vision and p e rsiste n c e .'
H ow ever, a lth o u g h th e re w ere te e th in g tro u b le s, H a n s 's tra n s p a re n t h onesty, dev o tio n to scientific excellence, a n d w illingness to learn, soon m ade relatio n s w ith in th e D e p a rtm e n t h a rm o n io u s and effective. I n i tially, th e M .R .C . U n it h ad b een h o u se d p a rtly in re fu rb ish e d room s in a w ing of an old and difficult b u ild in g and p a rtly in tw o ad jo in in g te m p o rary h u ts. P la n n in g was soon b e g u n on new and b e tte r ac c o m m o d atio n for the U n it and th e D e p a rtm e n t and, by 1962, th e h u ts had been rem oved and an e ig h t-sto re y b u ild in g had b een erected nex t to th e ex istin g D e p a rtm e n t. A p e rso n a l g ra n t to H a n s fro m th e W ellcom e T r u s t e n a b le d h im to a d d one e x tra floor, fo r his ow n rese a rc h team , to th e seven p aid fo r fro m fu n d s fro m th e U n iv e rs ity G ra n ts C o m m itte e . H e also c o n tin u e d to a ttra c t financial s u p p o rt fro m a v a rie ty of g ra n tin g agencies a b ro a d , especially th e R ockefeller F o u n d a tio n a n d th e U .S . P u b lic H e a lth S ervice, w h ic h e n a b le d h im also to h e lp th e w ork of o th e rs in th e D e p a rtm e n t.
A lth o u g h H a n s felt th a t he h a d to devote an u n d u e a m o u n t o f tim e an d effort to a d m in is tra tiv e m a tte rs a n d to his re c u rrin g b a ttle s w ith th e U n iv e rs ity a u th o ritie s, his scientific w ork c o n tin u e d to flo u rish . In th e H e r te r L e c tu re s he h a d given in 1954 [79-81] , H a n s h a d b e g u n to place th e n u m e ro u s b io ch em ical p ro cesses th a t o c c u r in living cells in to a fra m ew o rk o f en erg y exchange. F o o d m ate ria ls w ere show n to yield e n erg y in th re e m ain w ays, a n d th e en erg y th u s released w as seen to be h a rn e sse d for e n e rg y -re q u irin g p ro cesses in w ays th a t co u ld be g ro u p e d (an d h ence u n d e rs to o d ) relativ ely sim ply. T h e fo u n d a tio n s for q u a n tita tiv e asse ssm e n t of th ese en erg y tra n s fo rm a tio n s had b een laid by w o rk d o n e in Sheffield days [74] [75] [76] [77] . C o n se q u e n tly , H a n s believed th a t a concise su m m a ry o f th ese m a tte rs w o u ld be useful. T h e re su lta n t, very slim review [82] th a t H a n s allow ed to be p u b lis h e d sep arately on c o n d itio n th a t th e selling p rice was no m o re th a n te n sh illings (an d hence affordable by th e s tu d e n ts for w h o m it w as in te n d e d ) w as w idely w elcom ed and w as d escrib ed by Jam es W a tso n (F o r.M e m .R .S . 1981) in his Molecular biology of the gene as 'one of th e few classics in B io ch em is tr y '. A lso in 1957, H a n s h ad th e satisfactio n o f a n n o u n c in g th e th ird m etab o lic cycle disco v ered in his lab o ra to ry [83] . T h is , th e glyoxylate cycle, is a v a ria n t o f th e tric arb o x y lic cycle th a t bypasses th e step s in w h ich c a rb o n dioxide is lost a n d enables a second m olecule of acetylcoenzym e A to be u tilized . T h e n e t effect of th e cycle (figure 3) is the sy n th esis of a C 4 acid fro m tw o C 2 u n its. O p e ra tio n o f th is cycle explains n o t only how m ic ro o rg a n ism s can grow u p o n eth an o l o r acetate as sole c a rb o n sources b u t how fatty seeds can, in the process of g erm in atio n , co n v e rt th e ir stores of oil to c a rb o h y d ra te .
A lth o u g h H a n s h im se lf had occasionally in v estig ated m etab o lic p r o b lem s in m ic ro o rg a n ism s [44, 47, 52, 60-62, 64, 69, 73, 84, 85, 92] , his m ain in te rests lay in th a t area of biochem ical in q u iry th a t w as related to m edical p ro b le m s and th a t was, th u s, firm ly co n cern ed w ith anim al cells and tissues. H e h ad long been in te rested in th e m etabolic p ro d u c tio n and u tiliz a tio n of ketone b odies [32, 37, 43, 66, 68, 70, [86] [87] [88] [89] [90] [91] ; the w ork on m ic ro o rg a n ism s th a t had resu lte d in th e fo rm u la tio n of the glyoxylate cycle also intensified his in te rest in the m a n n e r in w hich m etabolic pathw ays are reg u lated . T o g e th e r w ith a stu d e n t, J. M ellan b y , and one of us ( D .H .W ) , new enzym ic m eth o d s w ere developed [93] for the q u a n tita tiv e d e te rm in a tio n of ketone bodies. U se of these m eth o d s enabled it to be estab lish ed th a t m any tissues (p articu larly th e h eart) can use ketone bodies as m ajo r fuel, especially if c a rb o h y d ra te levels are low. G lu co n eo g en esis, th e n et fo rm a tio n o f c a rb o h y d ra te s fro m n o n c a rb o h y d ra te p re c u rso rs, was in v estig ated in isolated p e rfu se d organs u n d e r co n d itio n s a p p ro x im a tin g closely th e vivo situ a tio n , as well as in tissue slices [94] [95] [96] [97] [98] [99] [100] [101] ; th e satisfying p ic tu re th a t em erg ed , of th e in te rp la y of catabolic and anabolic processes, and o f th e 'p a c e m a k e r' reactions th a t reg u lated th e ir overall rates of activity, was p re se n te d to th e Royal Society in the C ro o n ian L e c tu re for 1963 [102] . F u r th e r in sig h ts into m etabolic reg u latio n w ere gained fro m m e a su re m e n ts of th e ab so lu te and relative co n c en tra tio n s of oxidized and red u c e d p y rid in e n u cleo tid es in living cells; the stu d ies th u s in itia ted [104] p o in te d to sites of m etab o lic co n tro l and op en ed up a field of research th a t H an s w as to co n tin u e for m any years after he re tire d fro m his chair.
R e t i r e m e n t : r e t u r n t o a c l i n i c a l e n v i r o n m e n t
In 1967, at th e s ta tu to ry age of 67, H an s retire d from the W h itley C h air of B iochem istry. B efore re tire m e n t he had received several offers of accom m odation and o f financial s u p p o rt from various academ ic in stitu tio n s, b o th in the U .K . and in th e U n ite d S tates; how ever, his inclination was to rem ain in O xfo rd so as to reta in th e n u cleu s of his research team and the ties of fam ily and frien d s. T h ro u g h th e good offices of Sir G eorge P ickering, F .R .S ., H an s was offered space by P ro fesso r Paul B eeson in the N uffield D e p a rtm e n t of C linical M ed icin e at the Radcliffe Infirm ary; th is he gladly accepted.
H an s was accom panied into re tire m e n t by a sm all g ro u p of colleagues, in c lu d in g L . V. E g g le sto n a n d R. H e m s, w ho h a d c a rrie d o u t th e e x p e rim e n ta l w o rk fo r his p e rso n a l rese a rc h since th e early days in Sheffield. S u p p o rt was p ro v id e d by th e M ed ical R esearch C o u n cil for an in itial p e rio d o f 3 y ears a n d so 'T h e M e ta b o lic R esearch L a b o ra to ry ' was e sta b lish e d . T h e c o n tra c ts o f th e se n io r staff w ere ren e w ed on an an n u al basis: few co u ld have fo reseen th a t th is L a b o ra to ry w o u ld still be in ex isten ce 14 years later, w ith a h ig h p ro p o rtio n of th e orig in al staff still in p o st. F o r H a n s, th is w as a h a p p y and in v ig o ra tin g p e rio d w ith c o n tin u a l re m in d e rs o f his early w ork as a clin ician in F re ib u rg . T h e re was th e daily c o n ta c t w ith clin ician s an d clinical p ro b le m s, th e in v itatio n s to c o n trib u te at th e w eekly p re s e n ta tio n of clinical cases, and th e o p p o rtu n itie s for rese a rc h on clinical m ate ria l. In a d d itio n , he was freed fro m a d m in is tra tiv e resp o n sib ilitie s, he was s u rro u n d e d by th e fam iliar m e m b e rs of his team , and th e re was so m u c h still to be done. T h e re w ere, how ever, signs of so fte n in g o f old a ttitu d e s: he m ad e no form al c o m p la in t w hen his colleagues ceased to com e in to th e lab o ra to ry on S a tu rd a y m o rn in g s, and m o re tim e w as sp e n t at m o rn in g coffee, p a rtic u la rly w h en th e o b lig ato ry chocolate cake w as p ro d u c e d to c eleb rate a b irth d a y o r th e passing o f a D .P h il. ex am in atio n .
It is rem a rk a b le th a t, in the p e rio d fro m 1967 to his d e a th 14 years later, H a n s p u b lish e d over 100 p a p e rs. A lth o u g h n o n e of th e w ork re p o rte d in th is a p p reciab le o u tp u t has had th e im p act of th e u rea and th e tric arb o x y lic acid cycles, it still re p re se n ts a significant c o n trib u tio n to th e field of physiological b io ch e m istry , and p a rtic u la rly to an u n d e r sta n d in g of th e reg u la tio n of biochem ical processes. T h e y rapidly becam e necessary read in g for stu d e n ts and research w orkers in the area of m etabolic reg u latio n and have rem ain ed so. H an s resisted the tem p ta tio n to w rite a biochem ical tex tb o o k (alth o u g h he was fre q u e n tly invited to do so by p u b lish e rs), m ainly because it w ould decrease the tim e available for his research , b u t in his re tire m e n t he p ro d u c e d tw o sizable volum es: an ex cellent b io g ra p h y of his m e n to r, O tto W a rb u rg [119], a n d an a u to b io g ra p h y [121] , w h ich was c o m p le te d only sh o rtly b efo re his d e a th . H a n s rarely w ro te on g eneral to p ics o u tsid e his im m e d ia te ex p erience; h ow ever, in th e last 10 years o f his life, he d ev elo p ed an in te re s t in sociobiology a n d its rela tio n to c rim in a lity [114, 116, 118, 120] . S om e of his view s are briefly su m m a riz e d in an article in The Times on 'G e ttin g to th e ro o t cause o f d e lin q u e n c y ' (26 A p ril 1977) an d , as m ig h t be e x p e cte d fro m his ow n stric t c h ild h o o d , th e e m p h a sis is on p a re n ta l re sp o n sib ility an d on discip lin e.
C o n c l u d i n g r e m a r k s : H a n s K r e b s 's a p p r o a c h t o s c ie n c e H a n s K re b s played a leading role in th e w o rld of b io c h e m istry fo r n ig h on 50 years a n d d o m in a te d th e B ritish b io ch em ical scene for at least h a lf th a t tim e. It is th u s p e rtin e n t to ask: w h at special q u a litie s b ro u g h t h im into th is p ro m in en ce? A n d w h a t e n ab led h im to g a th e r ro u n d h im a g ro u p of colleagues w ho stayed w ith h im th ro u g h o u t m o st o f th e ir w o rk in g lives and w ho, even k n o w ing th a t th e re w as no assu ran ce o f c o n tin u ity , follow ed H a n s in to his retire m e n t? D isa rm in g ly , H a n s K re b s h im se lf ascribes his successes p rim a rily to luck [121] ,, b u t th is is clearly too facile an e x p la n a tio n ex cep t th a t it recognizes th a t he was in th e rig h t place at th e rig h t tim e, an d th u s acknow ledges his d e b t to g rea t teach ers. H a n s 's ab ility to ask th e rig h t q u e stio n s at th e a p p ro p ria te m o m e n ts [117] , and to develop o r a d a p t new m eth o d s to in v estig ate p ro b le m s th a t h ad refu sed to yield to o th e r tec h n iq u es, was su rely n o t a m a tte r ju s t of luck. T h e re is no d o u b t th a t H a n s 's tw o m ajo r a ch iev em en ts, th e u rea cycle an d th e tric arb o x y lic acid cycle, owe th e ir e lu c id atio n to H a n s 's ju d g e m e n t th a t th e m ech an ism s of urea sy n th esis and of te rm in a l re sp ira tio n w ere rip e for e x p e rim e n tal attack, and th a t th is ex p e rim e n tal attack re q u ire d th e d e v e lo p m en t of m an o m e tric te c h n iq u e s and of n ew saline m edia. (In te re stin g ly , th e th ird cycle w ith w h ich his nam e is associated, th e glyoxylate cycle, was revealed by e x p e rim e n tal p ro c e d u re s th a t he su ggested sh o u ld be used, b u t was developed and ex te n d e d by enzym ological and genetical te c h n iq u es w ith w hich he rem ain ed u n fam iliar th ro u g h o u t his life and th e la tte r of w hich he ra th e r d istru ste d .) T h e re is also no d o u b t th a t th e fo rm u la tio n o f these cycles was a to w erin g intellectu al achievem ent: u p to th en , m etab o lic pathw ays w ere assu m ed to be lin ear or b ra n c h e d , and th e c o n cep t o f a m etab o lic cycle as H an s p o stu la te d it was of s ta rtlin g novelty. B ut H an s is equally clear th a t th ese tw o cycles w ere n o t the ou tco m e o f ru th le ss, logical analysis: as in m o st biological research, th e re w ere m any false leads and div ersio n s [115] . O nce th is is accepted, th e range and d iv ersity of his su b se q u e n t p u b lish e d w ork is m o re easily u n d e rsto o d . H an s fervently believed th a t th e vital th in g w as to do e x p e rim e n ts and th e n to have th e ab ility to reco g n ize th e im p o rta n t o r u n e x p e c te d in th e resu lts. O n e o f his fav o u rite ho m ilies fo r p o s tg ra d u a te s tu d e n ts a n d v isitin g w o rk e rs w as th a t th e p e rio d b e tw e en 9 a.m . and 5 p .m . w as for e x p e rim e n ta tio n a n d th a t b e tw e en 5 p .m . a n d m id n ig h t w as for th e lib ra ry .
T h is p assio n fo r c o n tin u o u s e x p e rim e n ta tio n , w h ich he in h e rite d fro m O tto W a rb u rg , w as H a n s 's s tre n g th b u t w as also his w eakness. T h r o u g h o u t his w o rk in g life H a n s re m a in e d close to th e b e n c h , b u t a fte r th e age of 40 he w as rare ly seen at it. In ste a d (an d again like W a rb u rg ), he w orked th ro u g h tru s te d a ssistan ts, w ho, each m o rn in g , received a h a n d w ritte n no te (o ften on th e back of an envelope) in d ic a tin g th e o u tlin es of the p ro to c o l fo r th e d a y 's e x p e rim e n t. I t so m etim es a p p e a re d th a t the e x p e rim e n ts w ere conceived on th e s p u r of th e m o m e n t to keep th e p e rso n c o n c e rn e d o c c u p ie d for th a t p a rtic u la r day. C o n se q u e n tly , m any n o te -b o o k s w ere filled, b u t m an y e x p e rim e n ta l d a ta rem a in e d u n p u b lis h e d o r u n p u b lis h a b le . W h e n an in te re stin g new finding em erg ed fro m th is 'b lu n d e r b u s s ' a p p ro a c h H a n s b ecam e a c h an g ed p e rso n . H e s u d d e n ly fo u n d tim e to discu ss his c u rre n t w ork w ith colleagues and he w as im p a tie n t for th e n e x t resu lt, o ften to th e an n o y an ce o f his assistan ts, p a rtic u la rly if th e initial fin d in g co uld n o t be re p ro d u c e d . H o w ev er, once th e fin d in g was co n firm ed he show ed no desire to ru sh in to p rin t b u t often p re fe rre d to have th e w ork rep e a te d by a n o th e r m e m b e r o f his team . T h is ca u tio n w as very c h a ra c te ristic of H an s. H e usually re q u ire d tim e to digest facts; often a colleague w o u ld m ake a specific p o in t to him , only to find th a t it ap p e are d n o t to have reg istered ; how ever, th e n ex t day H an s w o u ld reo p en th e topic, hav in g th o u g h t a b o u t th e q u e stio n o v e r n ig h t.
T h is relu c ta n c e to ju m p to co n clu sio n s was occasionally m is in te rp re te d as a lack of in te re st, as som e b rig h t idea, p u t fo rw ard by a s tu d e n t or a p o std o c to ra l visito r, was received by H an s w hile he re tre a te d to w ard s th e exit ('a p ro c e ss', th e late P ro fesso r J. R. S te rn te rm e d it, 'of in filtratin g w ith d ra w a l'). A fu rth e r co n seq u en ce was th a t H an s te n d e d to expect success fro m his stu d e n ts and to reg ard lack of it as indicative of lack of ability. Y et, once th e ab ility of som e colleague to u n d e rta k e research successfully h ad b een estab lish ed , H a n s 's confidence in h im or h e r was p e rm a n e n t and un sh ak ab le, and his help and s u p p o rt w ere alw ays and readily available.
If, th e n , H an s was n o t a b rillia n t logician, and perso n al relations w ere n o t alw ays easy, how d id he a ttra c t the affection and lifelong loyalty of so m any people? 'O th e rs m ay be able to explain how , d espite m y personal sh o rtco m in g s, I have m anaged to keep th e team to g e th e r', he w rote in his au to b io g rap h y [121] ; 'I have trie d to be fair, h o n est and h elpful, no t to d e m a n d m ore of o th ers th an I do of m yself and above all, I have tried to ru n th e g ro u p " d e m o c ratica lly " , alw ays discussing p ro b lem s w ith th em before m aking d ecisio n s'. T h e re is, we believe, no one w ho was ever a m e m b e r of H a n s 's circle w ho w o u ld d isse n t fro m th a t assessm en t. H a n s was to tally devoid of arrogance: he w o u ld advance his o p in io n s w ith no ex p ectatio n s th a t th ey w o u ld receive a tte n tio n g re a te r th a n th o se of th e m o st ju n io r tech n ician . L ikew ise, he was to ta lly d ev o id of m alice: the w o rst th a t we h e a rd h im say o f a rival w ho h ad p lag iarized som e o f H a n s 's ideas was th a t he was 'd isin g e n u o u s '. It was in a sense rea ssu rin g , an d en d e arin g , to d iscover th a t H a n s w as n o t an acco m p lish ed e x p e rim e n te r o r even a very practical p erso n . O n a n u m b e r of occasions in Sheffield, he was p ro b a b ly p rese rv ed fro m serio u s a ccid en t by essential m a in te n a n c e w ork on the K re b s bicycle, p e rfo rm e d by R eg in ald H e m s (w ho, w ith L e o n a rd E ggleston, fo rm e d th e p e rm a n e n t n u c le u s, and b o th arm s, of his research g ro u p ). A bove all, th e re shone th ro u g h all his w ritin g s an d actions a b u rn in g passion fo r tru th , a d istru st and dislike of all th a t was p o m p o u s and sp u rio u s, and a tra n s p a re n t g oodness th a t m ad e H a n s a fath e r-fig u re reg a rd e d n o t only w ith resp ect b u t w ith affection by th o se w ho had long left his g ro u p as well as by those w ho rem a in e d w ith in it.
A ny a cco u n t o f th e life an d w ork o f H a n s K re b s w o u ld be in co m p le te if it neglected to pay trib u te to H a n s 's fam ily, w h ich was a source o f a b id in g jo y and of p rid e to h im . H a n s m a rrie d M a rg a re t F ie ld h o u se , th e n a tea c h e r of do m estic science in Sheffield, in 1938; th ey had one d a u g h te r and tw o sons.
H o n o u r s
A n in d icatio n of H a n s 's sta n d in g and ach iev em en ts in th e w orld of science are th e n u m e ro u s h o n o u rs b esto w ed on h im . T h e se in clu d e the F ellow ship of the Royal S ociety (1947) and of th e R oyal S ociety of E d in b u rg h (1976); th e N o b el P rize (1953) and a K n ig h th o o d (1958) . H e received H o n o ra ry D eg rees fro m 21 u n iv ersitie s, in c lu d in g th o se of F re ib u rg , C a m b rid g e and Sheffield, in w h ich he h ad held staff a p p o in t m en ts. H an s was accorded H o n o ra ry or F o re ig n M e m b e rsh ip o f at least 35 learned and p rofessional bodies, in clu d in g th e R oyal C olleges of P hysicians (1958) and of P a th o lo g ists (1967) , th e N a tio n a l A cadem ies of M ed icin e of F ra n ce (1952), B elgium (1962) and A rg e n tin a (1977), as well as the U .S . N atio n al A cadem y of Science (1964) . In 1973, he was a p p o in te d to F o re ig n M e m b e rsh ip of the G e rm a n O rd e r 'P o u r le M e rite '. M e m b e rsh ip of th is O rd e r, w hich is re stric te d to 30 of G e rm a n y 's m ost d istin g u ish e d citizens, gave H an s g reat p leasu re as it confirm ed th a t his a tte m p ts, after W o rld W ar I I, to re-e sta b lish contacts w ith colleagues in his fo rm e r h o m elan d had been ap p re c ia te d . T h is was in d icated also by the c o n fe rm e n t on him of H o n o ra ry C itiz e n sh ip of his native tow n of H ild esh eim . In ad d itio n , H an s received a Royal M edal and the C opley M edal of the Royal Society, G o ld M edals from Societies and A cadem ies in the N e th e rla n d s, C zechoslovakia and E n g lan d , from the C ity of P aris and fro m the U n iv e rsity of Bari. H e also received the O tto W a rb u rg M e d al of th e G e rm a n S ociety of B iological C h e m ists an d th e L a sk e r A w ard of th e A m e ric an P u b lic H e a lth A ssociation. P ro u d ly , th o u g h p e rh a p s w ith to n g u e in cheek, he e x h ib ite d on his w alls th e C ertificates th a t p ro c la im e d h im to be an A d m ira l in th e T e x a s N avy, th e M a y o r of th e C ity of L a V illita, a n d a C h ie fta in o f th e W ab ash In d ia n T r ib e . H a n s was an H o n o ra ry F ellow of T r in ity , S t C a th e rin e 's, St C ro ss, a n d G re e n C olleges, O x fo rd , and o f G irto n C ollege, C a m b rid g e .
A c k n o w l e d g e m e n t s H a n s K re b s w ith d re w h is p e rso n a l p a p e rs fro m th e S ociety to p re p a re h is a u to b io g ra p h y [121] ; th ese w ere su b se q u e n tly m ad e available to us a n d th e p re s e n t m e m o ir is b a sed on th e m , as w ell as on an ea rlie r article by one of us ( 
